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SECTION I

INTRODUCTION

1. BACKGROUND

a. General

U. S. Air Force interest and involvement in providing
adequate fire protection for essential electronic equipment date
back to 1960. The tremendous technological advances made in elec-
tronic data processing (EDP) in the years since 1960 have result-
ed in significant monetary investment by the U.S. Air Force in
this type of equipment. The ability of EDP equipment to perform
complex, vital and high volume functions led to the widespread
use, installation and concentration of very costly computer sys-
tems in single locations. As the Air Force increasingly relied
upon EDP systems in its daily operations and abandoned tradition-
al data processing and record keeping methods, the continuing,
uninterrupted availability of these systems became a matter of
great concern. According to AFM 88-15: "The protection of the
large investment often is less important than the continuity of
operations. "I Much of the Air Force's electronic equipment
became essential to carrying out vital military tactical or sup-
porting missions and any loss of this equipment could adversely
affect mission performance. Recognizing the criticality, the Air
Force considers electronic equipment essential when it:

o Is necessary to national security

o Performs an operation that must be continued to comple-

tion without interruption

o Requires a long leadtime to replace
1

Because of this dependence on essential electronic equipment,
fire protection of these systems must be assured to the utmost
deqree practicable.

b. Halon Versus Water

Unfortunately, the question of what type of fire protec-
tion system is best suited for essential electronic equipment has
raised considerable controversy. In essence, the debate centers
on water versus Halon 1301 as the most effective agent. Water,

iDepartment of the Air Force, Air Force Design Manual -
Criteria and Standards for Air Force Construction, AFM 88-15 (C3),
Washinqton, DC, 20 August 1976.



of course, has been used successfully as an effective fire extin-

guishing agent for centuries. Halon 1301, on the other hand, has
proven itself in the last decade to be extremely effective in
extinguishing all types of fires where the combustion is not
deep seated. Additionally, Halon is espeiially effective in
fires involving energized electrical and electronic equipment
without danger of high voltage arcing and shorting. The major
criticism brought against Halon systems is that, although com-
petitive with other chemical fire protection systems such as C02
and foam systems, the cost of a Halon system is considerably high-
er than a water sprinkler system. Another major concern is the
high cost associated with the inadvertent discharge of Halon ex-
tinguishant. However, the devastating effect of accidental water
discharge is exemplified by the dramatic $12 million loss exper-
ienced by the Bureau of the Census in Washington, DC.

c. Extinguishant Effectiveness and Limitations

(1) Halon 1301. Various fire suppressing agents have
been developed which are capable of extinguishing electronic
equipment related fires. 2 ,3' 4 Because of its superior

*" extinguishing characteristics and low toxicity, the most widely
used and generally recommended agent is Bromotrifluoromethane
(Halon 1301). Unlike other extinguishing agents which suppress
the fire by either cooling (water), oxygen exclusion or smother-
ing (carbon dioxide), or mechanical separation of fuel from the
oxidizer (foam and powder), Halon extinguishes by reacting with
the combustion products which are responsible for rapid and vio-
lent flame propagation. Once the flaming combustion is stopped,
radiant heat feedback to the fuel is also stopped, thus curtail-
ing the production of flammable vapors from the material, and
causing surface cxmstion to die out.

Numerous tests have shown that this reaction will be
effective for fully curtailing most fires with a 5 to 7 percent
by volume concentration of Halon 1301. In general, such a concen-
tration is attained by the discharge of one pound of Halon for

2j. K. Musick and F. W. Williams, The Use of Halons as Fire
Suppressants, Report 8161, Washington, DC, 5 October 1977.

3Roger R. Cholin, "Testing the Performance of Halon 1301 on
Real Computer Installations, Fire ProtectionbHalons, National Fire
Protection Association, Boston, 

A, ]975.

4W. M. Carey and W. A. Haas, Extinguishment of Class A and B
Fires in Electronic Computer Rooms with Halon 1301, Report, File
NC535 (Elmsford, NY: Safety First Products Cororation, Elmsford, NY,
17 January ]972.
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every 50 cubic feet of enclosed space. 5 Over twenty years of
medical research on both test animals and humans have shown that
Halon 1301 in concentrations up to seven percent by volume could
be used with a high degree of safety. In the very unlikely event
of a Halon extinguishment of a deep-seated fire, two potential
problems may result. If, during Lhe fire extinguishment proc-
ess, the Halon 1301 is taken to 900 0 F, it will decompose into the
corrosive compounds of hydrogen fluoride (HF) and hydrogen
bromide (HBr) gas. In normal fire extinguishment situations,

* local concentrations of these compounds have been extremely low,
generally below 20 parts per million (ppm). However, long dura-
tion contact of Halon with the 900OF combustion area causes ex-

*. tended decomposition of the agent and localized levels may in-
crease to as much as 300 ppm. Although not nearly fatal, 300 ppm
concentrations may be harmful to personnel or equipment if expo-
sure to such an atmosphere is prolonged.6

(2) Water Sprinkler System. Water has had an un-
certain role in the protection of essential electronic equipment.
Early detection of a fire and discharge of extinguishant is para-
mount for the protection of high cost EDP systems from smoke and
heat damage. With water sprinkler systems, fire extinguishment
is usually withheld until considerable damage or loss has been
caused by the heat rise necessary to activate the water system.
Even if discharged at the fire's incipient stage, the water it-
self can cause unacceptable levels of damage or downtime of elec-
tronic equipment. Numerous studies and analyses indicate that
minimal protection is realized with a water sprinkler system,
because both hardware and software may be destroyed or rendered
inoperative for prolonged periods whether the system discharges
early or not. 7

d. Policy and Literature Review

The theory of fire protection for essential electronic
equipment and the roles of both Halon 1301 and water as contend-
ing extinguishing agents have been interpreted by Government
agencies with a wide margin of difference. Differences in policy

5National Fire Protection Association, Standard for Halogen-
ated Fire Extinguishing Agent Systems, NFPA 12A-1977, Boston, MA,
1977

6j. W. Seastrom, Fire Protection Methods for Spacecraft and
Related Mission Critical Electronic Equipment Vulnerable to Water
Damage, Jet Propulsion Laboratory, California Institute of Technology,
Pasadena, CA, 1980.

7The Ansul Company, Fire Protection for Electronic Data Proc-
essing and Computer Systems Marinette, WI, February, 1973
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may well be attributable to the unique requirements of individual
agencies. However, our literature survey suggests that the pro-
ponents of water sprinkler systems have taken the traditional and
"safe" approach, while advocates of Halon 1301 have , on occasion,
overstated their fear of water damage by disregarding the reduced
moisture problem of advanced, solid state technology.

(1) National Fire Prevention and Control Administration.
The "Standard Practice for the Protection of Essential Electronic
Equipment Operations (RP-I)," issued by the National Fire Preven-
tion and Control Administration (NFPCA) in August 1978, is used
by federal agencies as the guide for fire protection of essential
electronic equipment and was "promulgated for use by all agencies
at the discretion of their management."8 Unequivocally, RP-I
states:

Automatic sprinkler protection is required
for all electronic equipment and record
storage areas and shall be installed in
accordance with NFPA No. 13, "Sprinkler
System."

Halon 1301 fire protection systems are allowed for optional use
in a supplementary capacity for extraordinary situations.

(2) National Fire Protection Association (NFPA). In its
capacity as a national standard setting body, the NFPA has issued

* design specifications for both water sprinkler and Halon 1301
systems. While citing electronic equipment installations as
being suitable for Halon 1301 fire protection, the NFPA does not
take a position on the Halon 1301 versus water sprinkler
issue.9

(3) U.S. Air Force Standards. The general U.S. Air
Force policy concerning fire protection systems and features is
contained in Chapter 13 of AFM 88-15, "Air Force Design Manual -

Criteria and Standards for Air Force Construction."1 The primary
emphasis rests on water sprinkler systems through most of Chapter
13. Some indecision as to the proper choice of systems seems to
result from the following statement: "Halon 1301 Fire Suppres-
sion Systems. These systems, installed only where required and
approved, will follow criteria in Attachment 18." Attachment 18,
entitled "Halon 1301 Suppression Systems for Essential Electronic

8National Fire Prevention and Control Administration, Stand-
ard Practice for Fire Protection of Essential Electronic Equip-
ment Operations, RP-l, U.S. Department of Commerce, Washington D.C.,
1978.

9National Fire Protection Association, Standard for the Pro-
tection of Electronic Computer/Data Processing Equipment, NFPA
75-1976, Boston, MA, 1976.
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Facilities of Type N Construction," can be interpreted that Halon
1301 must be installed in essential electronic equipment facili-
ties. As a consequence, Halon 1301 systems predominate at U.S.
Air Force essential electronic installations, although some feature
both Halon 1301 and water sprinkler systems.

Review of applicable literature and governmental
policies relating to ;ire protection of essential electronic
equipment points ouL the controversy surrounding the Halon 1301
versus water issue. While both agents are effective, rapidly
advancing state-of-the-art in electronic data processing tech-
nology requires that effective fire protection of electronic
equipment be tailored to enhance the U.S. Air Force mission
performance.

2. OBJECTIVE

The objective was to assess damage to an operational elec-
tronic computer system by activation of two contending fire sup-
pression systems in response to a series of controlled fires.
Derived data serve as the basis for recommendations concerning
the design of optimal, yet cost-effective, fire protection for
Air Force essential electronic equipment installations.

5



SECTION II

TEST DESCRIPTION

1. INTRODUCTION

The purpose of this section is to describe the test facility
and equipment. Detailed descriptions are provided for the perma-
nent building constructed to house the test vehicle, installed
fire protection systems, the GE 115/2 computer system that served
as the test vehicle, and the test equipment used for monitoring
and data collection.

2. COMPUTER TEST FACILITY

a. Test Site

(1) Building. A permanent building (Figure 1) was con-
structed at Tyndall Air Force Base, Florida, by the Air Force
Civil Engineering Center to house the computer system used as the
test vehicle during the series of tests. The structure was de-
signed to meet all requirements of a typical, operational com-

*, puter facility.

Figure 1. AFESC Computer Test Facility.

io.
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(2) Construction. The building was constructed of
reinforced concrete blocks, and features a reinforced concrete
roof and floor. A raised floor of vinyl covered plywood was
placed 17 inches above the concrete slab. An automatic sump pump
was installed to remove any excess moisture accumulation. Double
metal doors and framing were installed for the main entrance. A
suspended ceiling, made of fiberglass panels and metal framing,
was installed 6 inches below the roof. The building measures
26'5" x 16' x 7". An 18" x 20" plexiglass observation window was
installed in the entrance door. Doors were sealed. Essential
building dimensions are shown below:

(3) Building Dimensions:

Ceiling - 203.33 ft3

Room - 3100.83 ft3

Floor - 546.86 ft3

Total Vol. 3851.02 ft3

Plenum - 2.0 ft2

Return - 2.0 ft2

Openings - 2.6 ft2

(4) Climate Controls. A closed system, 5-ton air
conditioning/heating unit was installed near the outside south
wall. A double-filtered air return 17" x 16" was installed in
the south wall. A plenum 17" x 16" was installed in the south
wall and dumps the conditioned air into the subflooring. Four
screened openings 8" x 12" were placed in the raised floor near
the north wall. The unit is capable of maintaining temperature
at a preset level ranging from 600 F to 85*F. The computer equip-
ment is located between the air outlets and the return. The sys-
tem is capable of moving 2000 cfm, thus exchanging the air approx-
imately every two minutes. A portable dehumidifier maintains
specified humidity levels.

b. Fire Protection Systems

(1) Water Sprinkler System. A sprinkler system was in-
stalled and is fed by a 1-1/4" main line; 3/4" branch lines feed
four sprinkler heads that protrude 6 inches below the suspended
ceiling. The system is capable of 100 psi water pressure at the
main feed line. The sprinkler head seals are set to activate
when the heat rise reaches 212 0 F. Manual shutoff valves are lo-
cated inside and outside the computer facility.

(2) Halon 1301 System. An installed automatic Halon
1301 fire extinguishing system consists of the following:

(a) Discharge.Nozzle. One discharge nozzle pro-
trudes 1.5 inches from the suspended ceiling. One discharge noz-
zle extends 6 inches beneath the raised floor. Both nozzles are
fed from a single Halon cylinder on a common feed pipe.

7



(b) Cylinder. The cylinder and Halon were supplied
by Ansul Company. The cylinder has a total weight of 165 pounds
6 ounces with a charge of 85 pounds. The content of bromotri-
fluoromethane was superpressurized to 360 psi and 70*F with dry

tnitrogen gas. When activated, the cylinder completely discharged
in 10 minutes and was designed to provide a 5. 3 percent Halon 1301
concentration.

(c) Smoke Detectors. Two 3040RC Series photo-
electric smoke detectors and two PID-B ionization sensors were
mounted on the suspended ceiling and extend into the room. One
photoelectric smoke detector and one ionization sensor were lo-
cated in the subfloor space.

(d) Control Panel. The C-1024 Cross-Zoned Detec-
tion Control Unit (Figure 2) provides detection, supervision,
control, and actuation signals required for the automatic opera-
tion of the Halon 1301 fire extinguishing system. Power was fur-
nished by an AC line with a built-in battery backup system.
Input from either of the six sensors caused an alarm to be
sounded and, 30 seconds later, a signal was sent to open the
Halon cylinder valve. A manual abort station could be activated
by computer room personnel to abort the Halon dump within the 30-
second delay after the alarm had sounded. A manual fire alarm
station provided for an immediate dump of the Halon, should the
criticality of the situation demand it.

Figure 2. C-1024 Halon Control Panel Assembly.

I
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3. ELECTRONIC DATA PROCESSING TEST SYSTEM

a. Description

A General Electric 115/2 Central Processor Unit (CPU), a
second generation type basic computer system, was chosen as the
test vehicle (Figure 3). A surplus item, although still in use at
various Air Force installations, the GE 115/2 system contains
discrete components of transistors, capacitors, and resistors.
An advantage of choosing this computer for a test vehicle was the
construction of logic circuits on individual printed circuit
cards and the assurance of tracing equipment failure down to
specific components.

..

Figure 3. Test Vehicle - GE 115/2 Computer System.

b. System Components (Figure 4)

Components included in the GE 115/2 System were:

(1) GE 115/2 CPU with an eight-kilobyte magnetic core memory
and associated power supplies

(2) GE MZ4, 300 LPM line printer, controller, and power
supplies

(3) GE CR-10, card reader and controller

e (4) GE LP-300 BTI card reader/punch and controller

9
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(5) IBM 26 printing card punch

c. Third generation type of computer equipment (Figure 5)
included in the installation consisted of:

(1) A Marshall Data Systems disc controller, type M-2800
*and disc drive unit, type M-2700

(2) Control Data Corporation Cathode-Ray Tube (CRT) dis-
play 211 and controller 217

ii

/I

Figure 5. Third Generation EDP Equipment Included in Test.

4. TEST INSTRUMENTATION

a. General

The Computer and peripheral equipment were contained in 17
separate cabinets, each with its own system of heat removal.
Each cooling system was similar in that filtered air was ex-

L tracted from the atmosphere by fans and flowed over the elec-
tronic components; the heated air was expelled back into the at-
mosphere. The GE 115/2 system included thousands of discrete
components, integrated circuits, plug-in printed circuit boards
(PCBs), various voltages and branch currents. Each was suscep-
tible to failure through corrosion or changes in contact resist-
ance, electrical values, or in magnetic strength. Chosen for
instrumentation and monitoring of the system were component test
points that were representative, more susceptible to failure
under environmental changes, and had the ability of system
shutdown when their individual parameters were exceeded. The
ability to trace failures to individual components, time-related
to test conditions, was considered basic to the series of planned
tests.

11



b. Test Points

The test points selected are summarized in Table 1 below
and portrayed graphically in Figure 6.

TABLE 1. TEST POINTS.

EQUIPMENT MONITORED TEMPERATURE VOLTAGE HUMIDITY

CRT Controller X X X
Disk Drive X
DisK Control
Card Reader
Card Reader Controller
Console
Card Punch
Printer Power Supply X X
Printer Controller
CPU X X
CPU Power Supply X X
Card Punch Controller
Printer
Atmosphere X X
Outside X X
Line Voltage X

" NOTE: Test points were chosen based on their
criticality and the number of test input
channels available (16 channels).

c. Component Description

(1) CRT Controller. The CRT controller has a self-
contained power supply that furnishes the required voltage of
+5V, +20V, and -20V for operation of the electronic modules. The

*O input power is rated at a nominal value of 110 VAC single phase.
The "+" and "-" 20V power supply does not furnish voltages to all
modules of the controller. However, all modules require power

*o from the +5V source for operation. A + 10 percent change in the
+5V supply may cause a failure in the data flow by injecting er-
roneous bits of data or dropping bits of data in the data chain.

*A test point for monitoring the +5V source was included.

The CRT controller has a temperature operating range
from +60°F to +850 F. A built-in sensing device shuts down the
controller power after reaching 110 0F. A temperature sensing
device was placed near the electronic package of the controller

* to monitor the possible temperature change.

12
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(2) Disk Drive. The disk drive operated in a stand-alone
nade. The disk pack was tested by formatting it with known data
and checking its contents before and after each test for losses
or degradation. Normal disk drive operating temperature may vary
between +60*F and +90°F with a maximum variation of 15'F. A
temperature sensing device was placed near the electronic package
of the disk drive to monitor temperature changes.

(3) MZ4 Printer, Controller and Power Supplies. The out-
put of a computer installation is central to its purpose. This
installation includes a printer for a hard-copy result of data
reception. Failures in the operation of the printer with an in-
put of valid data may be traced to failures in PCBs caused by
their operating parameters being exceeded in either voltage, tem-
perature, or humidity. The printer and its controller logic and
memory circuits require stable voltages for error-free operation.
Two electronically regulated power supplies are located in a sep-
arate cabinet to furnish the -15V and -46.5V required. When the
voltage out varies more than + 10 percent from their nominal
value, internal protection devices de-energize a relay, thus
removing input power.

Thermal conditions, line voltage, or electronic parts
failure may cause a resultant change in the output voltage and,
consequently, activate the protection devices. Data errors may
appear before the protection devices activate. Voltage test
points were installed to monitor the -15V and -46.5V source. The
free air temperature was also monitored near the heat producing
power supply semiconductors. This temperature could vary from
80°F to 135°F before failures in components or data flow could be
expected.

(4) Central Processing Unit (CPU). The CPU used a mag-
netic core memory ranging from one to four modules of four kilo-
bytes each. The test configuration consisted of two modules, a
total of eight kilobytes of memory capacity. The operation char-
acteristics of magnetic core type of memory use minute read/write
currents and a stable voltage in order to magnetize a specific

-* core in a specific direction to constitute data for manipulation
or retrieval.

Temperature and voltage were parameters that had con-
siderable influence on memory operating margins. For instance,
if the temperature increases, the point of correct operation
moves toward the lower read/write currents. At these lower
read/write currents, the memory is more susceptible to random
spikes of noise. The value of the read/write currents is depend-
ent on two factors: (1) the emitter resistance of the power tran-
sistor and (2) the voltage varlation on the power transistor base.
Current calibration is affected by the emitter resistance, so
that the base voltage variations are in the order of 6V. A 14V
generator maintains a constant 6V difference between the +20V
source and the 14V generator.

14



A thermistor is mounted on the memory module to com-
pensate for variations in temperature and maintains a constant
memory operating voltage with a nominal temperature of 81.5 0 F.
Two resistors compensate for thermistor resistance variations.
Two other resistors were used for calibration purposes to obtain
510 ohms (+ 0.5 percent) between their terminals to the memory
module. As the temperature changed, the thermistor resistance
varied and, consequently, the equivalent circuit resistance, thus
determining the +14V variation. This, in turn, caused a varia-
tion of the read/write current. A temperature sensing device was
placed near the memory module to monitor variations from the
81.5 0 F desired and corresponding incidence of errors or failures.

(5) CPU Power Supply. The CPU is dependent upon a stable
voltage of +20V for its proper operation. An electronic regu-
lated power supply is contained in a separate cabinet that pro-
vides this stabilized voltage. In the event of a voltage fluc-
tuation of + 10 percent, voltage protection circuits shut it down.
Other protection circuits shut down power in the event the wiggle
effect riding on the 20V exceeds 50 millivolts. A device to
monitor the power supply voltage and temperature was placed in
the power supply cabinet. A resolution of 5 millivolts change
was required.

(6) Line Voltage. Monitors of the 208 VAC three-phase
line voltage were installed for comparison.

(7) Humidity Detection. All components of the computer
installation were sensitive to change in the relative humidity of
their environment. A 50-percent relative humidity was recommend-
ed for their continued proper operation by the equipment manufac-
turer. Unpredictable results may occur when the relative humid-
ity approaches the outside limits of either 10 or 90 percent.

A total of four humidity detection devices were in-
stalled. Twi were installed in the more sensitive components,
the CPU memory and the CRT controller. These components also
represent the second and third generation computer family. The
other two detectors monitored the humidity inside and outside the
building. A dehumidifier was installed to maintain the level of
humidity called for by the test design.

d. Data Collection

(1) Data Recording System. An Intel MDS-80 micro-
computer was installed in a separate, adjacent structure to
monitor all tests (Figure 7). The Intel system was comprised of
a CPU with 65-kilobyte memory, a dual minidisk unit, CRT termi-
nal, and a printer.
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Figure 7. Intel MDS-80 Test Data Recording System.

An analog-to-digital converter board was

installed in the computer to receive the differentiated input
from the 16 test points of the GE 115/2 system test vehicle.
This test data formed the basis for a detailed analysis and fir.i
evaluation of the test effort.

(2) Back-Up Systems. Strip chart recorders were in-

stalled to provide redundancy in test data collection.

(3) Computer Function for Tests

(a) General. With the exception of the disc test,
CTR test, and tape test, all tests required the printing of begin-
ning and ending messages. When each test was completed, the pro-
gram performed the next test. When the last test was completed,
the program branched to the beginning and repeated the tests.
Thus, the program continued until the machine failed or the pro-
gram was terminated by the operator.

(b) Memory Test. On the first run of this test,
memory area not used to store the program was loaded with known
patterns. The memory area was then checked against the known pat-
tern. If the pattern did not match an error message, consisting
of the address and pattern found, it was then printed and the
original pattern reloaded into that portion of memory which
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failed. This test served as a check against the loss of data in
memory.

(c) Arithmetic Test. This test checked the add deci-
mal, subtract decimal, add binary, and subtract binary logic.
The test performed operations on ten numbers in each mode and
then compared the result to a known result. If an error oc-
curred, an error message was printed consisting of the operation
mode, the expected result, and actual result.

(d) Move Test. This test moved ten numbers and then
ascertained that the moves were performed properly. When an er-
ror occurred. a message, consisting of the expected value and the
actual value moved, was printed. This test verified the move
logic.

(e) Printer and Card Reader Test. This test was
designed to check printer mechanics and card reader transforma-
tion logic from IBM code to internal code. A card containing all
the printable characters was read and then printed 216 times.

Characters were shifted one place to the right each print so that
each character was printed in every print position.

(f) Pack and Unpack Test. This test checked the
pack and unpack logic; ten numbers were packed, ten numbers un-
packed. The results were then compared with known values. If an
error occurred, a message consisting of the operation, expected
result, and actual result was printed.

(g) Compare and Branch Test. This test checked the
condition code logic for each type of instruction that affected
the condition codes. An operation with results known to the con-
dition codes was then performed and a branch executed. If the
branch did not occur, a message was printed consisting of the
operation, the expected condition code, and the actual condition
code. The program then branched to execute a Memory Test.

(h) Disk Test. This test served as an additional
check against the loss of data. Two disks, preformatted at an
outside computer facility, were used. One disk was inserted in
the disk drive unit and run during the test exposure. The other
disk was exposed to the atmosphere. After each test the disks
were checked for damage and data loss.

(i) Cathode-Ray Tube (CRT) Test. The CRT operated
as a stand-alone system and was both visually and electrically
inspected before and after each test sequence to assess damage
resulting from exposure to fire extinguishants.

(j) Tape Test. A number of tapes were preformatted
at an outside facility. Several tapes were unreeled and exposed
to the atmosphere, while others remained in their case during
each test sequence. After each test, tapes were checked for dam-
age and data loss.
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(4) Halon Sampling. Using the thermal conductivity prop-
erties of Halon in air, a PERCO Halon Analyzer (Model 113A200)
was used to sample agent concentration in the computer test fa-
cility. Three 50 ft sampling lines led from the analyzer and
electrical recorder (located in the data collection enclosure)
into the computer test facility. One Halon sampling point at the
end of these lines was in the plenum above the suspended ceiling,
another was 4 feet above the raised floor, and the third sampling
point was located in the subfloor area. Three 0-50-millivolt
direct current recorders charted the measurements obtained from
the three independent gas detectors located within the common
housing of the analyzer. Accuracy of the instrument was +2 per-
cent of full scale.

(5) Sampling and Analysis of HF and HBr. A two-stage
scrubber was installed to collect gas samples for analysis of
hydrogen fluoride and hydrogen bromide present in the planned
series of tests. A schematic diagram of the gas sampling arrange-
ment is shown in Figure 8.

RO TAME TER

H20 METER '20

PUMP '

Figure 8. Gas Sampling Arrangement.

Sampling to determine HF and HBr concentrations began at the time
of actuation of the fire suppression system. Once the vacuum
pump was turned on, a constant flow rate of 1.17 Liters/minute was
maintained throughout the fire suppression and subsequent soak
period. At the end of each test, pumps were turned off and
sample containers removed for laboratory analysis by the
Environics Division, Air Force Engineering and Services Center.

(6) Procedure for Analysis of Printed Circuit Boards.
The procedure for pretest establishment of baseline data and
post-test analysis of the immediate, intermediate (90 to 120
days) and long term (18 months) effects of the test exposure on
selected printed circuit boards (PCBs) is given in Appendix B.
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(7) Video Recording of Selected Test Events. Recorded
inside the computer test facility, the edited video tape of the
test program provides effective evidence of actual conditions of
the fire scene in a computer facility.
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SECTION III

TEST RESULTS

1. ORGANIZATION OF DATA

a. General

This section describes the results of the series of con-
trolled tests conducted during the period November 1980 through
February 1981 and documents the post-test analyses of the long
term effects of induced fire exposure of electronic equipment
components. The latter evaluations concluded in June 1982.

b. Chronology and Numbering of Tests

Ten test evolutions were planned for each of the contend-
ing fire suppression systems. While all Halon 1301 tests (num-
bered A-1 through A-10) were accomplished, water sprinkler tests
(identified by prefix B) actually saw only one replication of the
planned identical test conditions to which both systems were to
be subjected. Test B-i, the first application of the water
sprinkler system, resulted in a complete breakdown of the
computer test vehicle. As a consequence, continued testing of
the water sprinkler systems had to be accomplished in an adjacent
room, without the use of on-line computer equipment. This limit-
ed the evaluation to the use of a computer cabinet replica, and
exposure of computer software (tape and disks) and computer-
associated paper products (printouts and cards).

2. HALON 1301 FIRE EXTINGUISHMENT TESTS

Appendix A provides initial and post-test recordings of data
from selected printed circuit boards monitored during the tests.
Individual tests are discussed in detail below.

a. Test Item A-1. Halon 1301 Against Plastics Fire

(1) Objectives

(a) Determine whether Halon 1301 with a design con-
centration of 5.6 percent in air would extinguish fires of common
wire insulation materials (polyvinyl chloride-jacketed cabling)
when the EDP and air exchange systems remained operational during
fire extinguishment.

(b) Determine the immediate and long term effects
of the extinguishant on electronic and peripheral equipment and
stored data.
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(2) Procedure. Prior to the test, the temperature in

the computer facility was stabilized at 68*F with a relative hu-

midity of 44 percent. A metal cabinet (Figure 9), identical in
dimension to a wing of the GE 115/2 computer, was loaded with
polyvinyl chloride (PVC)-jacketed, multistrand computer cabling.
The fuel array inside the test cabinet was representative of nor-
mal installation of computer cabling. Weight of the PVC, the
fuel source for this test, was 250 grams. The Halon system-
activated electrical power shunt was bypassed to allow the com-
puter to continue to function during the test. A nichrome ignit-
er in the bottom of the cabinet was wired for remote ignition.

Figure 9. Computer Cabinet Replica and PVC-Jacketed Cabling.

(3) Results

(a) Timed Events. Smoke became visible at 57 sec-
onds after ignition. The first detection alarm occurred in Zone
1 at 1 minute 30 seconds. The second detection occurred in Zone
2 at 1 minute 45 seconds. The Halon system discharged at 2 min-
utes 15 seconds. The fire was extinguished after 4 minutes 45
seconds. Total soaking time was 30 minutes from time of Halon
system discharge.

(b) Fuel Comsumption: 90 percent at end of test.

(c) Test Atmosphere Variables
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1. Halon 1301 Concentration (Figure 10)

a. Room. Peaked at 4.2 percent by time of
fire extinguishment and remained at that level until 11 minutes
of soaking time, thereafter falling gradually to 3.3 percent at
the conclusion of the test.

b. Subfloor. Exceeded 10 percent (off
Goale) 10 seconds after Halon system activation. At time of ex-
tiaguishment (4 minutes 45 seconds), the level had fallen stead-
ily to 5.4 percent, gradually diminishing to 3.3 percent by end
of test.

c. Ceiling. Rose rapidly, peaked at 7.2
percent by 1 minute 35 seconds after activation and was 7.2 per-
cent at fire extinquishment. After 5 minutes soaking time, the
concentration dropped to 6.9 percent. The Halon 1301 concentra-
tion leveled off at 5.2 percent at 13 minutes soaking time and
remained there until end of test.

2. Room Temperatures (Figure 10)

a. Computer room temperature (stabilized
at 68°F at start of test) rose to 690 F by the time of the fire
extinguishment; thereafter, it gradually declined to a low of
670 F at 10 minutes, then rose again gradually to 71*F at the end
of the test.

b. Floor temperature (60°F at start)
dropped to 530F at Halon discharge and within 5 minutes rose to
ambient room temperature.

c. Temperature at ceiling level (650 F at
start) reached a maximum of 720F when Halon was discharged, then
dropped to 66°F within 5 minutes, remained there for 10 minutes,
and gradually increased to 70°F at end of test.

3. Relative Humidity. Relative Humidity, sta-
bilized at the start at 44 percent, gradually rose to 46 percent
at fire extinguishment; it then fell gradually during soaking
back to 44 percent, declining during the last 5 minutes to 41
percent.

4. Visibility. The room was almost completely
obscured from time of Halon system activation to 2 minutes after
extinguishment. visibility gradually improved until at 17 min-
utes 13 seconds it had cleared to 25 feet. At 26 minutes 15 sec-
onds, total visibilty had been restored. The room environmental
conditioning system continued operating during the test.

sure5. Ambient Temperature and Barometric Pres-

L
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a. During the test, the ambient tempera-
ture increased from 686F at beginning to 71F at end of test.

b. Barometric pressure during the test was
30.11 inches Hg.

6. Post-Test Analysis of Gas Samples. The
computer facility attained a concentration of 2.4 ppm of HF and
6.5 ppm of HBr as indicated by a sample size of 32 liters taken
over 33 minutes.

(d) Structural Effects. Several ceiling panels had
been blown out of their ceiling grids by the force of the Halon
discharge, and one of the overhead lights had been dislodged.

(e) Impact on EDP Equipment. During the test, the
printer had stopped due to a minor mechanical malfunction not
attributable to the test fire or the extinguishing system.
All computer system components functioned normally after restart.

1. Equipment Temperature. Sensors monitoring
computer equipment indicated that equipment modules remained with-
in normal operating ranges.

2. Test Cabinet Temperature. Two thermo-
couples located in the test cabinet indicated between 690 F and
72*F during the entire test. It was concluded that these sensors
were faulty, since they were located inches from the fire. A
temperature tab located on the test cabinet indicated that
the temperature reached 465 0 F. The latter temperature must be
assumed to reflect the actual result of the fuel consumed inside
the test cabinet.

3. Room, ceiling, and subfloor temperatures
are shown in Appendix A.

4. Analysis of Intel Voltage Recordings. The
fire and extinguishant had no significant effect on CRT control
temperature, CRT control logic, printer controller print logic,
and printer controller power supply control voltages. Voltage
change effects on the remaining Intel monitored equipment, al-
though slightly out of tolerance (as defined by a 95-percent con-
fidence interval of mean normal operating condition), had no ad-
verse effects on the EDP system's continued operation.

5. Static Resistance Variances. Pretest and
post-test readings showed an average increase of 36.78m in com-
puter board resistance measurements ,nd an average increase of
2.16mQ per computer board terminal (Appendix A).

6. Static Voltage Variances. Before and after
test readings showed an average decrease of 0.473 volt per com-
puter board and an average decrease of 0.028 volt per computer
terminal (Appendix A).
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7. Long rerm Effect on PCBs. When aged and
tested 137 days after exposure to Halon 1301 extinguishment,
PCBs showed no deterioration; tested again 18 months after Test
A-I exposure, no adverse effects were discernible.

(f) Software

1. The computer program printout was normal,
showing no effects of fire or extinguishant on the test computer
software.

2. Peripherally placed test tapes, diskettes,
cards and printed circuit boards showed no adverse effects when
data recovery was attempted immediately after Test A-i.

b. Test Item A-2. Halon Against Plastics Fire

(1) Objectives

(a) Measure the effectiveness of Halon 1301 in ex-
tinguishing a computer facility plastics fire while the computer
and air exchange systems were deactivated.

(b) Determine the immediate and long term effects
of the extinguishant on electronic and peripheral equipment and
stored data.

(2) Procedure. Prior to the test, the temperature in
the computer facility was stabilized at 70OF with a relative hu-
midity of 50 percent. The metal cabinet (Figure 9), used for
Test A-l, was again loaded with PVC-jacketed, multistrand com-
puter cabling. The fuel array inside the test cabinet was rep-
resentative of normal installation of computer cabling. Weight
of the PVC, the fuel source for this test, was 224 grams. The
Halon system-activated electrical power shunt was allowed to
function normally so that the electrical power to the computer
and air exchange would be automatically interrupted upon Halon
system activation. A nichrome igniter in the bottom of the cab-
inet was wired for remote ignition.

(3) Results

(a) Timed Events. Smoke became visible at 52 sec-
onds after ignition. Flame was visible at 1 minute 7 seconds.
The first detection alarm occurred in Zone 1 at 1 minute 22 sec-
onds. The second detection occurred in Zone 2 at 1 minute 51
seconds. The Halon system discharged at 3 minutes 33 seconds.
The fire was extinguished at 4 minutes 14 seconds. Total soaking
time was 60 minutes from time of fire extinguishment.

(b) Fuel Comsumption. At end of test it was found
that 75 percent (by weight of PVC cable insulation) of the fuel
had been consumed (Figure 11).

25



Figure 11. PVC Fuel Source 75-Percent Consumed After Test A-2.

(c) Test Atmosphere Variables

1. Halon 1301 Concentration (Figure 12)

a. Room. Peaked at 4.3 percent 27 seconds
after system activation. Halon concentration was 4.2 percent at
extinquishment and remained at that level until 4 minutes of soak-
ing time, thereafter falling gradually to 3.0 percent by end of
test.

b. Subfloor. Peaked at 6.9 percent, 12
seconds after Halon system activation. By extinguishment (4 min-
utes 14 seconds), the level had fallen steadily to 5.3 percent,
gradually diminished to 3.8 percent by 40 minutes of soaking time
and remained there until end of test.

c. Ceiling. Rose rapidly to 6.2 percent
by fire extinguishment. After peaking at 6.9 percent 1 minute 15
seconds of soaking time, the Halon 1301 concentration gradually
fell to 6.2 percent by end of test.

[ |2. Room Temperatures (Figure 12)

a. Computer room temperature stabilized at
70OF at the start of the test; the temperature began falling at 2
minutes soaking time and reached 670F by 4 minutes soaking time,
beginning to rise again after 10 minutes soaking time and stabi-

* lizing at 72*F by end of test.
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b. Floor temperature (620 F at start)
dropped to 58'F 3 minutes after fire extinguishment, rose to 660 F
by 15 minutes soaking time and gradually reached 70OF by end of
test.

C. Temperature at the ceiling (71F at
start) fell to 650 F 4 minutes after extinguishment, rose to 70OF
after 15 minutes soaking time, and gradually increased to 75*F at
end of test.

3. Relative Humidity. Relative humidity (sta-
bilized at the start at 50 percent) was 49 percent at Halon sys-
tem activation and remained there until 1 minute of soak time,
declining to 47 percent by 5 minutes soaking time. The humidity
then rose to 58 percent by 10 minutes soaking time, gradually
declining to 52 percent by end of test.

4. Ambient Temperature and Barometric Pres-
sure. During the Test, the outside temperature remained at 760 F
until 1 minute of soaking time, when it fell to 73'F by 5 minutes
soaking time. At end of test the outside temperature had risen
to 75°F. Barometric pressure during the test was 29.99 inches
Hg.

5. Post-Test Analysis of Gas Samples. The
computer facility attained a concentration of 6.6 ppm of HF and
9.2 ppm of HBr as indicated by a sample of 76.8 liters taken over
a 60-minute sampling period.

(d) Structural Effects. Similar to Test A-l, sever-
al ceiling panels were dislodged from their ceiling grids by the
force of the Halon discharge.

(e) Effects on EDP Equipment

1. The computer system and air exchange system
operated normally when restarted after the test.

2. Equipment Temperatures. Thermocouples moni-
toring computer equipment temperatures indicated that equipment
modules remained within normal operation ranges, with the follow-
ing exception: CRI0 Card Reader Controller. A temperature indi-
cating tab on the side of the cabinet 4 feet from the fire and 4
feet above the floor reached 140*F, exceeding allowed operating
temperature (850 F) by 55 degrees.

3. Test Cabinet Temperatures. The thermo-
couple located on the lower portion of test cabinet indicated a
temperature of 98*F at time of Halon discharge. Temperature indi-
cating tabs located on the upper portion of the cabinet indicated
a maximum temperature of 465 0 F.
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4. Room Temperatures

a. A temperature indicating tab located on
the test facility door, some 4 feet from the test cabinet, indi-
cated 140°F.

b. A sensor mounted on the wall 12 inches
behind the test cabinet read 465 0F (par. 2 b.(3)(e)3., above).

5. Analysis of Intel Voltage Recordings. The
fire and extinguishant had no significant effect on CRT Control
temperature tolerance, CRT control logic, printer controller
print logic, and printer controller power supply control voltages.
Voltage change effects on the remaining Intel monitored equip-
ment, although slightly out of tolerance, had no impact on subse-
quent operation of the system (Appendix A).

6. Static Resistance Variances. Pretest and
post-test readings showed an average increase of 23.22mQ in com-
puter board resistance measurements and an average increase of
1.37mo per computer board terminal (Appendix A).

7. Static Voltage Variances. Showed an aver-
age increase of 0.126 volt per PCB and an average increase of
0.007 volt per computer terminal (Appendix A).

8. Post-Test Analysis of Printed Circuit
Boards. PCBs showed no change in voltage signal and resistance
parameters when tested 137 days after exposure to byproducts of
the fire and decomposition of the extinguishant. No degradation
of performance was noticed when again tested in June 1982.

(f) Software

1. The computer program printout was normal,
showing no effects of fire or extinguishant on the test computer

software.

2. Peripherally placed cards were not affected
as to data recovery and further use as program input.

c. Test Item A-3. Filon 1301 Against Cellulosic Materials
Fire

(1) Objectives

(a) Measure the effectiveness of Halon 1301 in ex-
tinguishing a computer facility cellulosic materials fire while
the computer and air exchange systems were deactivated.

(b) Determine the immediate and long term effects
of the extinguishant on electronic and peripheral equipment and
stored data.
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(2) Procedure. Prior to the test, the temperature in
the computer facility was stabilized at 70°F with a relative
humidity of 49 percent. A metal waste container of the type
common to EDP facilities was loaded with cellulosic materials.
Randomly placed inside the container were 1000 grams tabulating
cards, 250 grams carbon paper and 550 grams printout paper. The
Halon system-activated electrical power shunt was allowed to func-
tion normally so that the electrical power to the computer and
air exchange would be automatically interrupted upon actuation of
the fire protection sytem. A nichrome igniter in the bottom of
the container was wired for remote ignition.

(a) Timed Events. Smoke became visible at 40 sec-
onds after ignition. The first detection alarm occurred in Zone
1 at 2 minutes 18 seconds. Flame became visible at 2 minutes 28
seconds. The second detection occurred in Zone 2 at 4 minutes 20
seconds. The Halon system discharged at 5 minutes 11 seconds.
The fire was extinguished at 5 minutes 30 seconds. Total soaking
time was 30 minutes from time of fire extinguishment.

(b) Fuel Consumption. Approximately 30 percent of
the paper products had been consumed when the waste container
fire was extinguished. Figure 13 shows the remnants of the fuel
array after conclusion of the test.

'p•

Figure 13. Unconsumed Fuel from Waste Container, Test A-3.

(c) Test Atmosphere Variables

1. Halon 1301 Concentration (Figure 14)
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a. Room. Temperature rose to 4.2 percent
by time of fire extinguishment, peaked at 4.3 percent 5 seconds
later, thereafter falling gradually to 3.7 percent by end of
test.

b. Subfloor. Temperature rose to 5.6 per-
*- cent by fire extinguishment, peaked at 7.3 percent by 1 minute,

20 seconds soaking time, then gradually diminished to 6.7 percent
by end of test.

c. Ceiling. Temperature rose to 4.2 per-
cent by fire extinguishment. After peaking at 4.4 percent 30
seconds after extinguishment, the Halon 1301 concentration gradu-
ally dropped to 3.8 percent by end of test.

2. Room Temperatures (Figure 14)

a. Computer room temperature stablized at
70*F at the start of the test. The temperature remained there
until fire extinguishment, thereafter dropping to a low of 660 F
at 3 minutes soaking time, then rose gradually to 71°F at the end
of the test.

b. The floor temperature (530 F at start)
dropped to 52°F at Halon discharge; within 6 minutes it rose to
61°F and remained there until end of test.

c. The ceiling temperature (62°F at start)
reached a maximum of 57°F at time of Halon release. Ceiling tem-
perature dropped to 620 F within 2 minutes and continued at that
level to end of test.

3. Relative Humidity. Relative humidity (sta-
bilized at the start at 49 percent) dropped to 46 percent at
Halon activation, rose to 47 percent immediately after activation
and remained there until 30 seconds after extinguishment; it grad-
ually increased to 54 percent at 20 minutes soaking time, then
increased to 66 percent at end of test.

4. Ambient Temperature and Barometric Pres-
sure. During the Test, the outside temperature dropped from 69*F
at beginning to 680 F at end. Barometric pressure during test was
29.99 inches Hg.

5. Post-Test Analysis of Gas Samples. The
computer facility attained a concentration of 1.9 ppm of HF and

5.2 ppm of HBr as indicated by a sample size of 51.2 liters takenover 36 minutes.

(d) As in preceding tests, several ceiling panels
had been lifted slightly above ceiling grids by the force of the
Halon discharge.
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(e) Effect on EDP Equipment

1. The computer system equipment and peripher-

als functioned normally after restart.

2. Equipment Temperatures. Thermocouples mon-
itoring computer equipment temperatures indicated that equipment
modules remained generally within normal operation ranges.

3. Test Cabinet Temperatures

a. A thermocouple located on the test cabi-
net indicated between 63 0 F and 700 F. It was concluded that this
thermocouple was faulty, since it was located inches from the
fire. A temperature indicating tab located on the test cabinet
showed that it had reached its maximum recording temperature of
2600F.

4. Room Temperatures

a. A thermocouple above the test vehicle
measured a maximum temperature of 1120 F.

b. Temperature on the wall behind the
waste container reached approximately 200 0 F.

c. Room, ceiling, and subfloor tempera-
tures are shown in Figure 14.

5. Analysis of Intel Voltage Recordings. Mon-
itoring of voltages throughout the GE 115/2 system showed no ad-
verse results from this test evolution.

6. Static Resistance Variances. Pretest and
post-test readings-showed an average increase of 41.22mQ in com-
puter board resistance measurements and an average increase of
2.42mq per computer board terminal (Appendix A).

7. Static Voltage Variances. Before and after
test readings showed an average decrease of 0.025 volt per com-
puter board and average decrease of 0.002 volt per computer termi-
nal (Appendix A).

8. Post-Test Analysis of Printed Circuit
Boards. Prolonged aging of PCBs had no noticable effect on
voltage, signal strength and resistance paramaters even 18 months
after exposure.

(f) Software
6

I. Upon restart of the computer, five memory er-
rors were noted. Two were due to program reload, one had data
inserted, and two had been erased. The program then had to be
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reloaded and no further errors were noted. The minor problem was
not attributable to the test-induced conditions.

d. Test Item A-4. Halon 1301 Against Cellulosic Materials
Fire

(1) Objectives

(a) Measure the effectiveness of Halon 1301 in ex-
tinguishing a computer facility cellulosic materials fire without
interrupting the data processing function or the computer and
without shutting off the air handling equipment.

(b) Determine the immediate and long term effects
of the extinguishant on electronic and peripheral equipment and
stored data.

(2) Procedure. Prior to the test, the temperature in
the computer facility was stabilized at 63*F with a relative hu-
midity of 44 percent. A wire waste container, similar to those
found in computer installation, was loaded with cellulosic mate-
rials. The fuel array was randomly placed in the container in a
manner normally found in computer room waste containers. Weight
and composition of the fuel was identical to Test A-3. The Halon
system-activated electrical power shunt was bypassed to allow the
computer to continue to function during the test. A nichrome
igniter in the bottom of the container was wired for remote igni-
tion.

(3) Results

(a) Timed Events. Smoke became visible at 35 sec-
onds after ignition. The first detection alarm occurred in Zone
2 at 2 minutes 51 seconds. The second detection occurred in Zone
1 at 3 minutes 53 seconds. Flame became visible at 4 minutes 25
seconds; the Halon system discharged at 4 minutes 27 seconds,
suppressing the fire in 4 minutes 37 seconds. After 16 minutes,
extreme smoke and smoldering were noted. At 19 minutes into the
test, flames were again visible. At 22 minutes 30 seconds the
fire died out completely.

(b) Fuel Consumption: 33 percent

(c) Test Atmosphere Variables

1. Halon 1301 Concentration (Figure 15)

a. Room. Halon concentration was only 1.9
percent at time of fire suppression, peaked at 4.3 percent within
1 minute 18 seconds, then gradually dropped to 4.0 percent at 5
minutes of soaking time; concentration fell rapidly to 2.0 per-
cent at 20 minutes soaking (at this point flames were again vis-
ible) and then gradually diminished to 1.6 percent at the conclu-
sion of the test.
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b. In the floor, the Halon concentration
was only 1.0 percent when the fire was suppressed. Peak concen-
tration of 4.4 percent was achieved 26 seconds later, then gradu-
ally dropped to 3.6 percent at 5 minutes soaking time, 2.0 per-
cent at 20 minutes soaking time, and 1.6 percent by end of test.

c. Ceiling. Halon concentration rose to
3.0 percent by fire suppression. After peaking at 5.2 percent 20
seconds after suppression, the Halon 1301 concentration gradually
dropped to 4.3 percent at 5 minutes soaking time, 2.8 percent at
20 minutes soaking time, and 2.2 percent at end of test.

2. Room Temperatures (Figure 15)

a. The temperature (630F at start) rose to
650F at the time of Halon activation, dropped to 630F at suppres-
sion, remained there until 5 minutes 3 seconds after suppression,
and gradually rose to 67*F at end of test.

b. The floor (61OF at start) rose to 660F
when flames were visible; temperature dropped to 620F by 1 minute
23 seconds after suppression, remained there though 15 minutes
soaking time, rose to 630F, and remained there until end of test.

c. The ceiling (58°F at start) reached a
maximum of 660 F, which-occurred when flames were visible; the
temperature remained there until suppression, dropped to 58 F by
5 minutes soaking time, and gradually increased to 620F at end of
test.

3. Relative Humidity. Relative humidity, sta-
bilized at the start at 44 percent, gradually rose to 46 percent
when flames were visible; humidity remained at 46 percent through
25 minutes soaking time and increased to 47 percent at end of
tests.

4. Ambient Temperature and Barometric Pres-
sure. During the Test, the outside temperature increased from
520F at beginning to 560F during the first 5 minutes 30 seconds;
it dropped to 52*F at 14 minutes 40 seconds into test and in-
creased to 540F at end of test. Barometric pressure during the
test was 30.02 inches Hg.

5. Post-Test Analysis of Gas Samples. The
computer facility attained a concentration of 1.3 ppm of HF and
177 ppm of HBr as indicated by a sample size of 44 liters taken
over 34 minutes.

(d) EDP Facility. No adverse effects noted.

(e) Effect on EDP Equipment
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1. Computer system equipment functioned normal-
ly throughout the test.

2. Equipment temperatures remained within tolerable

Limits throughout the t~sts.

3. Temperatures at Fuel Source

a. A thermocouple located on the wire con-
tainer indicated temperatures up to 138°F until initial suppres-
sion, remaining at 133 0 F until the fire restarted, when the tem-
perature in the waste basket increased to 468°F.

4. Room Temperatures

a. A thermocouple on the ceiling 4 feet
above the wire basket recorded temperatures up to 800 F until acti-
vation of the Halon system, then dropped to 660 F until it again
increased to 170*F 15 minutes after initial suppression; there-
after, temperature dropped to 120°F at end of test.

b. Room, ceiling, and subfloor tempera-
tures during Test A-4 are also shown in Figure 15, above.

5. Analysis of Intel voltage recordings showed
that no adverse effects resulted from this test.

6. Static Resistance Variances. Pretest and
post-test readings showed an average increase of 24.67mQ in com-
puter board resistance measurements and an average increase of
1.45mo per computer board terminal (Appendix A).

7. Static Voltage Variances. Before and after
test readings showed an average decrease of 7.254 volt per PCB
and an average decrease of 0.427 volt per computer terminal
(Appendix A).

8. Post-Test Analysis of Printed Circuit
Boards. PCBs showed no change in voltage, signal, and resistance
paraiieters when tested 128 days after exposure to Test A-4 and
were still unaffected when tested again in June 1982.

(f) Software

1. The computer program printout was normal
despite some slight omissions of characters. Missing print was
traced to a partially blocked optical aperture.

2. Peripherally placed test tapes, diskettes
and cards remained unaffected and performed normally after the
test exposure.
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e. Test Item A-5. Halon 1301 Against Plastics Fire

(1) Objectives

(a) Measure the effectiveness of Halon 1301 in extin-
guishing a computer facility plastics fire while the computer
remained in operation and air exchange systems were turned off.

(b) Determine the immediate and long term effects
of the extinguishant on electronic and peripheral equipment and
stored data.

(2) Procedure. Prior to the test, the temperature in
the computer facility was stabilized at 750F with a relative hu-
midity of 46 percent. The metal test cabinet used in Tests A-1
and A-2 (Figure 9) was loaded with PVC-jacketed, multistrand com-
puter cabling. The fuel array inside the test cabinet was repre-
sentative of normal installation of computer cabling with respect
to weight (240 grams) and configuration. The Halon system-
activated electrical power shunt was bypassed to allow the com-
puter to function normally during the test. A nichrome igniter
in the bottom of the cabinet was wired for remote ignition.

(3) Results

(a) Timed Events. The first detection alarm oc-
curred in Zone 1 at 54 seconds. The second detection occurred in
Zone 2 at 1 minute 22 seconds. The Halon system discharged at 1
minute 52 seconds; fire was extinguished at 2 minutes 22 seconds.
Total soaking time was 10 minutes from time of Halon system dis-
charge. Test was terminated prematurely due to an external power
failure.

(b) Fuel Consumption: 90 percent.

(c) Test Atmosphere Variables

1. Halon 1301 Concentration (Figure 16)

* a. Room. Halon concentration peaked at
4.1 percent 20 seconds after discharge. Dropped to 3.9 percent
at time of fire extinguishment, thereafter falli.g gradually to

3.7 percent at end of test.K b. Subfloor. Halon concentration rose to
5.9 percent initially, then peaked at 6.3 percent after 1 minute
5 seconds soaking time, then gradually dropped to 6.0 percent at
test conclusion.

c. Ceiling. Halon concentration was 5.1
percent when the fire was extinguished. Peak concentration of 5.6

4 percent was achieved during the test.
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2. Room Temperatures (Figure 16)

a. Computer room temperature fluctuated
between 75°F at the start and 77°F at Halon discharge to 74*F at
the termination of the test.

b. Floor temperature (760 F at start)
dropped to 71*F at Halon discharge and dropped to 70°F at
extinguishment; it remained there for 1 minute, then rose to 74*F
at end of test.

c. Ceiling temperature (800 F at start)
remained at 80°F until 5 minutes soak time, at which time it be-

.* gan to increase to 830 F at end of test.

3. Relative Humidity. Relative humidity, sta-
bilized at the start at 46 percent, dropped to 43 percent at
Halon discharge, and increased to 44 percent at end of test.

4. Ambient Temperature and Barometric Pres-
sure

a. During the test, the outside tempera-
ture increased from 64FF to 650 F during the test.

b. The barometric pressure during the test
was 30.13 inches Hg.

5. Post-Test Analysis of Gas Samples. The
computer facility attained a concentration of less then 5 ppm of
HF and less then 5.6 ppm of HBr as indicated by a sample size of
8.6 liters taken over 9.6 minutes. Due to the small sample taken
as a result of premature test termination, these samples should
be disregarded.

(d) EDP Equipment. With the exception of the print-
er which jammed due to a minor mechanical malfunction, all other
system elements performed normally throughout the test. Temper-
ature within the equipment enclosures did not exceed tolerable
levels.

1. Test Cabinet Temperatures. A thermocouple
located on the test cabinet indicated a maximum temperature of
171*F during the test.

2. Room Temperatures

a. A thermocouple mounted on the ceiling
above the cabinet containing the fuel reached a maximum tempera-
ture of 336 0 F.
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b. Room, ceiling, and subfloor tempera-
tures are shown in Figure 16.

3. Analysis of Intel voltage recordings showed
no variances from the norm.

4. Static Resistance Variances. Pretest and
post-test readings showed an average increase of 22.33mQ in com-
puter board resistance measurements and an average increase of
1.31mQ per computer board terminal (Appendix A).

5. Static Voltage Variances. Before and after
test readings showed an average decrease of 8.450 volts per compu-
ter terminal (Appendix A).

6. Post-Test Analysis of Printed Circuit
Boards. PCBs showed no adverse effects when tested 123 days and
again 8 months after test exposure.

(e) Software remained totally unaffected by the

* test.

f. Test Item A-6. Halon 1301 Against Plastics Fire

(1) Objectives

(a) Measure the effectiveness of Halon 1301 in ex-
tinguishing a computer facility plastics fire occurring in a sub-
floor cable duct; EDP system remained in operation (to simulate
uninterrupted acquisition of essential data) and air exchange
systems were shut off.

(b) Determine the immediate and long term effects
of the extinguishant on electronic and peripheral equipment and
stored data.

(2) Procedure. Prior to the test, the temperature in
the computer facility was stabilized at 68*F with a relative hu-
midity of 40 percent. A metal cabinet (Figure 17), simulating a
cabling duct, was loaded with the PVC-jacketed cabling and placed
in the subfloor area. Weight of the PVC cable insulation was 250
grams. The Halon system-activated electrical power shunt was
bypassed to allow the computer to continue to function during the
test; the air exchange system was turned off. A nichrome igniter

O provided remote ignition.
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Figure 17. Fuel Array for Subfloor Cable Fire, Test A-6.

(3) Results

(a) Timed Events. The first detection alarm oc-
curred in Zone 1 at 1 minute 37 seconds. Smoke became visible at
2 minutes 55 seconds. The second detection occurred in Zone 2 at
6 minutes 21 seconds. The Halon system discharged at 6 minutes
51 seconds. The fire was extinguished at 8 minutes 20 seconds.
Total soaking time was 30 minutes from time of Halon system dis-
charge.

(b) Fuel Consumption: 90 percent.

(c) Test Atmosphere Variables

1. Halon 1301 Concentration (Figure 18)

a. Room. Halon concentration peaked at
3.2 percent 29 seconds after Halon discharge; it dropped to 3.0
percent when fire was fully extinguished and remained at that
level until 11 minutes of soaking time, thereafter falling gradu-
ally to 2.7 percent by end of test.

b. Subfloor. Halon concentration rose to
5.4 percent at time of-extinguishment. It peaked at 5.5 percent
10 seconds later, then gradually diminished to 5.2 percent by end
of test.

C. Ceiling. Halon concentration peaked at
7.7 percent, 29 seconds after activation.
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2. Room Temperatures (Figure 18)

a. Computer room temperature (68'F at
start) rose to 740F at time of extinguisher discharge and
thereafter gradually declined to 68'F at the end of the test.

b. Temperature in the subfloor area was
71OF at start, then rose to 101OF 30 seconds prior to Halon dis-
charge when it dropped to 97'F. At the end of the soaking periud
the subfloor temperature had fallen to 740F.

C. The ceiling (70*F at start) reached a
maximum of 75*F, which occurred at Zone 2 detection. Ceiling
temperature dropped to 70OF at Halon activation, rose to 75*F at
end of 5 minutes soaking time, and gradually decreased to 71*F at
end of test.

3. Relative humidity fluctuated between 40 and
38 percent during tEhe test.

4. Ambient temperature increased 1 degree dur-
ing the test (690F to 70*F). Barometric pressure was 30.34 inches
Hg.

5. Post-Test Analysis of Gas samples

a. The room attained a concentration of
0.41 ppm HF and 2.6 ppm HBr as indicated by a sample size of 31.6
liters taken over a 32-minute period.

b. Subfloor concentrations of HF and HBr
* were 1.1 and 3.4, ppm respectively, for the 32-minute, 31.6-liter

gas sample collected.

c. Concentrations of HF and HBr collected
near the ceiling of the test facility were 0.47 ppm and 3.0 ppm,

* respectively. These were measured from a gas sample size of 27.9
liters.

A (d) EDP Facility. Two ceiling panels had been lift-
ed slightly above the ceiling g~rid by the force of the Halon dis-
charge.

(e) EDP Equipment

1. The computer system equipment functioned
* normally throughout the test. Tnternal temperatures remained

within tolerance levels.

2. Test Cabinet Temperatures

I4
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a. Two sensors located on the test cabinet
indicated a maximum temperature of 940F during the entire test
and were assumed to be faulty.

4. Room Temperatures

a. A thermocouple 4 inches above the test
cabinet and on the underside of flooring recorded a maximum of
591 0 F.

b. Room, ceiling, and subfloor tempera-
tures are shown in Figure 18.

5. Analysis of Intel voltage recordings indi-
cated normal functioning of the test computer system.

6. Static Resistance Variances. Pretest and
post-test readings showed an average increase of 9.33mQ in com-
puter board resistance measurements and an average increase of
0.55mQ per computer board terminal (Appendix A).

7. Static Voltage Variances. Before and after
test readings showed an average decreas of 3.87 volt p r computer
board and an average decrease of 0.228 volt per computer terminal
(Appendix A).

8. Post-test analysis of PCBs 115 days and
then 8 months after the test showed no change in voltage, signal
and resistance parameters.

(f) Software in use during the test and items
placed in the vicinity of the fire box showed no degradation of
data retrieval after the test.

g. Test Item A-7. Halon 1301 Against Plastics Fire

(1) Objectives

(a) Measure the effectiveness of Halon 1301 in ex-
tinguishing a '-omputer facility plastics fire while the computer
remained on and air exchange systems were turned off.

(b) Determine the immediate and long term effects
of the extinguishant on electronic and peripheral equipment and
stored data.

(2) Procedure. Prior to the test, the temperature in
the computer facility was stabilized at 65*F with a relative hu-
midity of 52 percent. An open wire basket (Figure 19) was loaded
with 7200 feet of wuund polyester-base tape, polystyrene tape cores
and reels of polyethylene tape bands. The fuel array inside the
wire basket was representative of normal installation storage of
tape reels. The Halon system-activated electrical power shunt
was bypassed to allow the computer to continue to function during
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the test. Fifty ml of isopropyl alcohol were used to ignite the
fuel.

Figure 19. Polyester, Polyethylene and Polystyrene as Fuel
Sources.

(3) Results

(a) Timed Events. Smoke became visible within 3
seconds after ignition. The first detection alarm sounded in
Zone 1 within 7 seconds; flames became visible at the same time.
Zone 2 detection occurred after 31 seconds. The Halon system
discharged at 1 minute 6 seconds. The fire was extinguished at 1
minute 26 seconds. Total soaking time was 30 minutes from time
of Halon system discharge.

(b) Fuel Consumption: 75 percent (Figure 20)
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Figure 20. Fuel Remaining from Test A-7.

(c) Test Atmosphere Variables

1. Halon 1301 Concentration (Figure 21)

a. Room. Halon concentration rose to 3.9
percent by time of fire estinguishment. It peaked at 4.3 percent
10 seconds later, gradually dropped to 3.9 percent after 5 min-
utes of soaking time, and thereafter fell gradually to 3.2 per-
cent by end of test.

b. Subfloor. Highest concentration was
6.4 percent at 8 minutes 35 seconds.

c. Ceiling. Halon concentration rose rap-
idly to 6.6 percent at fire extingushment. After peaking at 6.9
percent 10 seconds after extinguishment, the Halon 1301 concentra-
tion gradually fell to 3.7 percent at end of test.

2. Room Temperature (Figure 21)

a. Computer room temperature was stabi-
lized at 650F at the start of the test, then rose to 660F at Zone
2 detection and dropped lower to 65*F after Halon discharge, re-
maining there through end of test.
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b. Floor temperature (665F at start)
dropped to 51*F at Halon discharge, increased to 680 F at
extinguishment, dropped to 63*F and maintained that level

*throughout the soaking period.

c. The ceiling (670 F at start) reached a
maximum of 760 F, which occurred when Halon was released.

3. Relative humidity was 52 percent at start
and dropped to 50 percent at end of test.

4. Ambient Temperature and Barometric Pres-
sure

a. During the test, ambient temperatureremained at 730 F.

b. The barometric pressure during the test
was 30.16 inches Hg.

5. Post-Test Analysis of Gas Samples

a. The room of the computer facility at-
tained concentrations of 2.1 ppm HF ar-' 4.4 ppm HBr. Total gas
sample was 31.1 liters taken over a 31-minute period.

b. Subfloor area saw concentrations of
0.42 ppm and 2.6 ppm of HF and HBr, respectively.

c. Concentrations near the ceiling were
0.48 ppm HF and 3.0 ppm HBr.

(d) EDP Facility. Several ceiling panels had been
lifted above their ceiling grids by the force of the Halon dis-
charge.

(e) EDP Equipment

1. The computer system equipment functioned
normally thoughout the test.

2. Temperatures within the equipment remained
within operational parameters.

3. Temperature measured at the wire basket
containing the fuel was measured at 275 0 F; at the ceiling above
the basket the temperature reached 265 0 F. Figure 20 shows record-
ed temperatures in the computer room, at the ceiling and in the
subfloor area during Test A-7.

4. Equipment voltages recorded with the Intel
system indicated no abnormal fluctuations.
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5. Static Resistance Variances

a. Pretest and post-test readings showed
an average increase of 22.33m P in computer board resistance meas-
urements and an average increase of 1.31m Q per computer board
terminal (Appendix A)

6. Static Voltage Variances. Before and after
test readings showed an average increase of 0.561 volt per comput-
er and an average increase of 0.033 volt per computer terminal
(Appendix A)

7. Post-test analysis of PCBs 110 days after
exposure revealed no adverse effects on voltage, signal, and re-
sistance parameters. Similar findings were obtained 18 months
after the test.

(f) Software functioned normally both during and
subsequent to test exposure.

h. Test Item A-8. Halon 1301 Against Plastics Fire

(1) Objectives

(a) Measure the effectiveness of Halon 1301 in ex-
tinguishing a deep-seated fire while the computer remained opera-
tional and air exchange systems were turned off.

(b) Determine the immediate and long term effects
of the extinguishant on electronic and peripheral equipment and
stored data.

(2) Procedure. Prior to the test, the temperature in
the computer facility was stabilized at 660 F with a relative hu-
midity of 46 percent. Polyester-base magnetic tape was unwound
and placed in an open wire basket, similar to tape being discard-
ed in typical operations. Weight of the tape was 640 grams and
measured 4,800 feet unwound. The power shunt was bypassed to
allow the computer to continue to function during the test.

* Fifty ml of isopropyl alcohol were used to ignite the fuel (Figure
22).

5
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Figure 22. Ignition of 4,800 Feet of Unwound Magnetic Tape.

(3) Results

(a) Timed Events. The first detection occurred
in Zone 1 at 9 seconds. The second detection occurred in Zone 2
at 18 seconds. The Halon system discharged at 1 minute. The
fire appeared suppressed within seconds of the Halon discharge,
but smoldering indicated that it was deep seated. The planned
soaking period of 30 minutes had to be curtailed by 20 minutes
when excessive soot threatened video recording equipment located
inside the test facility.

(b) When the doors to the test facility were opened
at the premature conclusion of the test, the 25 percent of fuel
remaining immediately reignited, confirming the deep-seated as-
pects of the fire (Figure 23).
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Figure 23. Reignition of Smoldering Magnetic Tape.

(c) Test Atmosphere Variables

1. Halon 1301 Concentration (Figure 24)

a. Room. Halon concentration rose to 3.5
percent by time of fire suppression, peaked at 4.3 percent 40
seconds later and fell gradually to 4.1 percent by end of test.

b. Subfloor. Halon concentration rose to
5.9 percent by fire suppression, peaked at 7.3 percent 1 minute
15 seconds later and gradually fell to 7.1 percent by end of
test.

c. Ceiling. Halon concentration rose to
5.2 percent by fire suppression. After peaking at 5.7 percent 15
seconds after suppression, the Halon 1301 concentration leveled
off at 4.0 percent at 3 minutes soaking time ani remained there
until end of test.

2. Room Temperatures (Figure 24). Computer
room temperature was stabilized at 660F at the start of the test,
then rose to 70OF at the time of fire suppression, and thereafter

*gradually dropped to 67*F at 1 minute 15 seconds soaking time and
14 remained there until end of test.
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3. Relative Humidity. Relative humidity, sta-
bilized at the start at 46 percent, rapidly rose to 50 percent at
Halon dump, then increased to 54 percent at suppression. The
humidity then increased to 58 percent at Halon sensing. The hu-
midity reached 62 percent at 55 seconds soaking time and remained
there until end of test.

4. Ambient temperature and barometric pres-

sure were 63*F and 30.04 inches Hg, respectively.

5. Post-Test Analysis of Gas Samples

a. The computer facility room attained
concentrations of 27.4 ppm HF and 30.2 ppm HBr. Sample size was
10 liters collected during a 10-minute period.

b. 2.6 ppm HF and 1.8 ppm HBr were meas-
ured at floor level.

c. At ceiling level, 18.3 ppm HF and 18.5
ppm HBr were measured.

(d) EDP Facility. As in many previous tests, sever-
al ceiling panels had been lifted above their ceiling grids by
the force of the Halon discharge; two lights were dislodged.

(e) Despite the damage sustained by the optics of
the video camera, EDP equipment suffered no similar ill effects.
The system processed data normally throughout and subsequent to
the test. As in previous test evolutions, none of the tempera-
ture paramaters inside equipment enclosures were exceeded.

1. Static Resistance Variances

Pretest and post-test readings showed an
average increase of 12.67m in computer board resistance measure-
ments and an average increase of 0.75mQ per computer board termi-
nal (Appendix A).

2. Static Voltage Variances. Before and after
test readings showed an average decrease of 0.448 volt per comput-
er board and an average decrease of 0.026 volt per computer ter-
minal (Appendix A).

3. Tests of PCBs 108 days after exposure
showed no measurable changes in voltage, signal strength and
resistance. The same results were obtained nearly 18 months
after the test.

(f) Software, as in all previous tests preceding
A-8, was totally unaffected by this exposure, even though the

* heavy accumulation of soot was feared to have deleterious conse-
quences.
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i. Test Item A-9. Halon 1301 Against Cellulosic Material
Fire

(1) Objectives

(a) Measure the effectiveness of Halon 1301 in com-
batting a deep-seated fire of cellulosic materials while the com-
puter remained on and air exchange systems were turned off.

(b) Determine the immediate and long term effects
of the exting';ishant on electronic and peripheral equipment and
stored data.

(2) Procedure. An open metal wire basket was filled
with shredded computer room paper products (printout paper and
tabulating cards) (Figure 25). The Halon system-activated elec-
trical power shunt was bypassed to allow the computer to continue
to function during the test. Fifty ml of alcoholwere used to
ignite the fuel.

4?

4m

I

Figure 25. Attempt to Create Deep-Seated Fire with Shredded
Paper.
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(3) Results

(a) Timed Events. First detection alarm occurred
in Zone 1 at 11 seconds. The second detection occurred in Zone 2
at 22 seconds. The Halon system discharged at 1 minute 11 sec-
onds. The fire was suppressed at 1 minutes 30 seconds. However,
smoldering continued throughout the 30-minute soaking period, al-
though no flames became visible. The fire appeared to be deep
seated. This was confirmed when the remnants of the shredded
paper reignited upon removal from the Halon atmosphere inside the
test facility.

(b) Fuel Consumption: 75 percent.

(c) Test Atmosphere Variables

1. Halon 1301 Concentration (Figure 26)

a. Room. Halon concentration peaked at
4.1 percent by time of fire suppression. It dropped to 3.9 per-
cent 30 seconds later and remained at that level until 10 minutes
of soaking time, thereafter falling gradually to 3.4 percent by
end of test.

b. Subfloor. Halon concentration rose to
6.5 percent by the time the fire was suppressed and gradually
diminished to 6.2 percent.

c. Ceiling. Halon concentration peaked at

6.5 percent.

2. Room Temperatures (Figure 26)

3. Relative humidity rose from 53 to 61 per-
cent during the course of the test.

4. Ambient temperature was between 67 and 70OF
during the test; barometric pressure indicated 30.22 inches Hg.

5. Post-Test Analysis of Gas Samples

a. The computer facility room attained
concentrations of 6.1 ppm and 14.9 ppm of HF and HBr, respective-
ly, as indicated by a sample size of 30 liters taken over 30 min-
utes.

b. The subfloor showed 0.44 ppm HF and 1.1
ppm HBr.

C. Concentrations near the ceiling were
33.9 ppm HF and 25.2 ppm HBr.

56



Halon Temnperature
% Ceiling O

10- -100

8- 90

6------% 80

4- 70

2 60

01 50

Room
10- 100O

8- 90

6- 80

4 --- ---- 70

2 60

0~ -- 150

10- ~Sub floor10

8- 90

6- -80

4- 70

2 60

o '50
0 1 2 3 4 5 1 15 2 5 30 35 40

Time (Minutes)

Legend:

Haloi 1301 Concentration
-Temperature

o Halon System Actuation
9 Fire Extinguishment (Suppression)

Figure 26. Halon Concentration and Temperature
Versus Time, Test A-9.
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(d) EDP Facility. No adverse effects were noted.

(e) EDP Equipment functioned normally with the ex-
ception of a feed mechanism jam in the printer which was not

related to the test conditions.

1. Temperature inside equipment enclosures was
within normal range.

2. A thermocouple on the wire basket recorded
a maximum of 580°F prior to suppression of the fire.

3. Room temperature reached a high of 198*F on
the ceiling immediately above the wire basket (Figure 26).

4. Voltages monitored on the GE 115/2 system
showed no irregularities.

5. Static Resistance Variances. Pretest and
post-test readings showed an average increase of 24.llmQ in com-
puter board resistance measurements and an average increase of
1.42mQ per computer board terminal (Appendix A).

6. Static Voltage Variances. Before and after
test readings showed an average decrease of 7.728 volt per com-
puter board and an average decrease of 0.455 volt per computer
terminal (Appendix A)

7. Long term aging of PCBs had produced no
adverse effects when checked nearly 18 months after exposure.

(f) Software. Aside from the unrelated paper jam
mentioned above, no degradation of software performance was
noted.

k. Test Item A-10. Halon 1301 Against Plastics Fire in Mul-
tiple Locations

(1) Objectives

(a) Measure the effectiveness of Halon 1301 in de-
feating cable fires located in a typical component cabinet and in
the subfloor area of the facililty. Operation of the EDP system
was continued during the fire episode; however, air exchange was
shut off.

(b) Determine the immediate and long term effects of
the extinguishant on electronic and peripheral equipment and
stored data.

(2) Procedure. Prior to the test, the temperature in
the computer facility was stabilized at 66*F with a relative hu-
midity of 52 percent. A metal cabinet (Figure 27), identical in
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dimension to a wing of the GE 115/2 computer, was loaded with
PVC-jacketed, multistrand cabling. Similar cabling was placed in
smaller metal box, simulating a cabling duct, and positioned in
the subfloor space (Figure 28). The subfloor fire was started
remotely with a nichrome igniter. When smoke became visible, the
fuel in the metal cabinet was ignited manually with 50 ml iso-
propyl alcohol.

iT W14D

Figure 27. Computer Cabinet Replica.

Figure 28. Test Setup for Subfloor Cable Fire.
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(3) Results

(a) Timed Events. The first detection alarm was
sounded in Zone 1 after 1 minute 1 second. Smoke was observed
coming up from the floor at 2 minutes 10 seconds. Cross-zoning
occurred at 2 minutes 25 seconds. The Halon system discharged at
2 minutes 55 seconds. Both fires were extinguished at 3 minutes
20 seconds. Total soaking time was 30 minutes from time of fire
extinguishment.

(b) Fuel Consumption

1. The PVC material in the power unit cabinet
was 99 percent consumed at end of test.

2. The fuel in the subfloor unit was found to
be 50-percent consumed at end of test.

(c) Test Atmosphere Variables

1. Halon 1301 Concentration (Figure 29)

a. Room. Halon concentration rose to 3.8
percent by time of fire extinguishment, peaked at 4.0 percent 5
seconds later, then gradually dropped to 3.2 percent by end of
test.

b. Subfloor. Halon concentration rose to
5.8 percent at time of fire extinguishment and peaked at 6.5

* percent at 1 minute soaking time; the level had fallen to 6.2
percent by 2 minutes soaking time and remained there until ind of
test.

c. Ceiling. Halon concentration peaked at
5.2 percent, diminishing to 3.4 percent at the end of the soaking

* period.

* 2. Room Temperatures (Figure 29)

3. Relative humidity rose from 52 to 66
percent during the 33-minute test.

4. Ambient temperature varied from 650F to
670 F. Barometric pressure was 29.70 inches Hg.

5. Post-Test Analysis of Gas Samples

a. The room of the computer test facility
attained concentrations of 4.47 ppm and 37.1 ppm of HF and HBr,
respectively, as indicated by a sample size of 30 liters taken
over 30 minutes.
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b. The subfloor showed 0.46 ppm HF and 7.2
ppm HBr.

c. Concentrations of 2.98 ppm HF and 3.3
ppm HBr were measured at ceiling level.

(d) EDP Facility. No damage was sustained as a
result of the test.

(e) EDP Equipment

1. The computer system equipment functioned
normally throughout the test with the exception of some missing
print which was due to particulate matter partially blocking the
optical aperture of the printer.

2. Temperatures experienced inside system

enclosures posed no problems.

3. Room Temperatures

a. A thermocouple mounted on the ceiling
above the power unit test cabinet recorded a maximum temperature
of 840 F.

b. A thermocouple mounted above the
subfloor unit recorded-a maximum of 810 F.

c. Room, ceiling, and subfloor
* temperatures are shown in Figure 29.

4. Post-Test analysis of voltage recordings
showed that the multiple fires had no adverse effect on the
computer system.

5. Static Resistance Variances

Pretest and post-test readings showed an
average increase of 21.44m,2 in computer board resistancemeasurements and an average increase of 1.26mQ per computer

board terminal (Appendix A).

6. Static Voltage Variances. Before and aftertest readings showed an average decrease of 0.473 volt per PCB

and an average decrease of 0.028 volt per computer terminal
(Appendix A).

7. Analysis of PCBs conducted 102 days and
then 18 months after the test failed to show any long term
degradation of performance characteristics.
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(f) Software Effects

1. The computer program printout was normal
with the exception of the above mentioned print, showing no
effects of fire or extinguishant on the test computer software.

2. Peripherally placed test tapes, diskettes,
and cards provided normal program input and data recovery after
the test.

3. WATER EXTINGUISHMENT TESTS

Water extinguishment tests were designed to replicate the

test conditions used during the series of Halon 1301 experiments.

a. Test Item B-i. Water Against Plastics Fire

(1) Objectives

(a) Measure the effectiveness of a water sprinkler
system in extinguishing a computer facility plastics fire.

(b) Determine the immediate and long term effects
of the extinguishant on electronic and peripheral equipment and
stored data.

(2) Procedure. Prior to the test, the temperature in
the computer facility was stabilized at 620F with a relative hu-
midity of 50 percent. The metal cabinet used for the series of
Halon fire extinguishments preceding Test B-1 was l'aded with
PVC-jacketed, multistrand computer cabling. The fuel array
inside tha test cabinet was representative of normal installation
of computer cabling. The electrical power was to be turned off
at first Tlarm of the automatic Halon system. Fifty ml of
alcohol were to be used for ignition of fuel.

(3) Results

(a) Timed Events. The first detection alarm
sounded 22 seconds after fuel ignition. The second detection
occurred in Zone 2 after 40 seconds. The sprinkler system
discharged 5 minutes 30 seconds after fuel ignition, when the

* heat rise reached the intensity required to actuate the 212OF
sprinkler head. Total soaking time was 10 minutes from time of
sprinkler discharge; however, the fire was still not extinguished
when the water supply was shut off, to prevent further damage to
the test equipment (Figure 30). The fire had to be extinguished
with a portable Halon 1211 extinguisher.

63



II

Figure 30. Flaming Computer Cabinet During Water Sprinkler
Discharge.

(b) Fuel Consumption: 90 percent

(c) Test Atmosphere Variables

1. Room temperature was 620F at the start of
the test and rose to 67°F by the time the water sprinkler system
discharged. Temperature at floor level was 71*F at start,
increased to 74°F at first warning and remained there through 1
minute 30 seconds soaking time, at which time only fire box
temperature was recorded. The ceiling, 590F at start, reached a
maximum of 77°F one minute after ignition of the fuel. The
thermocouple nearest to the sprinkler head and directly above the
burning computer cabinet, malfunctioned at that point in time.

2. Relative humidity rose from 50 to 62
percent during the test.

3. Ambient temperature was 66°F; barometric
pressure measured 30.28 inches Hg.

4. Post-Test Analysis of Gas Samples

a. The computer facility room attained
concentrations of less than 1.29 ppm HF and 28.0 ppm of HBr;
sample consisted of 10 liters collected over a period of 10 min-
utes.

b. The subfloor attained concentrations of
less than 1.29 ppm HF and 35.1 ppm HBr.

64

I



C. The ceiling concentrations were less
than 1.44 ppm and 12.0 ppm of HF and HBr, respectively.

(d) EDP Facility. Heavy accumulation of st icy
soot particles had settled on everything out of range of .. he
sprinkler. Standing water covered the front half of the test
facility nearest to the sprinkler head which had discharged.

(e) EDP Equipment. Water spray had extended from
those components nearest the sprinkler head (Figure 6) in the NE
corner of the room outward to a radius of 15 feet. The LP300
Controller cabinet and CPU sustained the heaviest exposure to
water, being completely inundated with water accumulations in the
base of the cabinets. The operating console and maintenance
panel (Figure 31), located 10 feet from the discharging water
sprinkler, experienced 1/4 inch of standing water, penetrating
all switches and lamp sockets.

Figure 31. Water Damage Sustained by Computer Console.

Immediate post-test examination of other computer system
components is summarized below:

1. Card Reader. Water accumulations in card
track and on control switches. Tabulating cards in hopper and
collection bin were soaked and coated with soot. Standing water
in bottom of cabinet enclosure.

2. Wing "H" was waterlogged through all rows
of PCBs down to the fan assembly. Water and soot had collected
in all cross assemblies and in bottom of cabinet.
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3. Wing "D" showed water in upper regulator
assembly with moisture on components in lower rack.

4. Wing "C" revealed water penetration down to
the 5th row of the PCB assembly. Moisture and soot had collected
on the memory pack and fan assembly.

5. Wing "A" appeared to have suffered the
least amount of water penetration with only the upper row of PCBs
exposed to water.

6. Wing "B" had water accumulation at all
levels of the power supply assembly.

7. MZ-4 Printer. Most distant from the sprink-
ler head actuated during the test, the printer showed mainly ex-
terior water accumulations. Printing paper was moist and
appeared of questionable future use.

(f) Sensors monitoring computer equipment tempera-
tures indicated that equipment modules remained within normal

.4 operating ranges during Test B-1.

(g) Test cabinet maximum temperature recorded was
151°F. A thermocouple mounted on the ceiling directly above the
test fire and in proximity to the sprinkler head recorded a maxi-
mum temperature of 214 0 F.

(h) Static Resistance Variances

Pretest and post-test readings showed an aver-
age increase of 50.44mQ in computer board resistance measure-
ments and an average increase of 2.97mn per computer board termi-
nal (Appendix A).

(i) Static Voltage Variances. Before and after
test readings showed an average decrease of 0.543 volt per PCB
and an average decrease of 0.032 volt per computer board terminal
(Appendix A).

(4) Post-Test Evaluation

(a) The computer test program had been loaded into
the computer prior to the test; as planned, power was removed
just prior to ignition of the test fire. Due to possible safety
hazards, power was not restored to the system until the day fol-
lowing the water sprinkler discharge and after all accumulations
of water had been removed. Power-up was accomplished without any
major incident. Test routines were initiated and made three
passes, running for 2 min~tes, when errors started to appear in
the printouts. When errors rapidly increased in frequency, the
system was powered down and troubleshooting routines were ini-
tiated.
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(b) Fault Analyses

1. CPU Power Supply (Wing "D") suffered two (out
of six)inoperative SCRs due to being shorted out. SCRs are pro-
tected by 75-ampere fuse links in the anode lead; however, these
appeared not to have reacted in time to protect the SCRs.

2. The Central Processer Unit revealed three
inoperative PCBs,two NOR circuits in the "F" register showed
faulty resistors, and one flip-flop board was disabled by a
resistor that had become separated from its solder lead.

3. The Printer Controller had suffered the
greatest amount of damage with as many as nine resistors burnt out
on each of its 14 double-size SPA (hammerdriver) boards. A pulse
timing, one-slot multivibrator board suffered a burnt resistor
and one shorted transistor. Two photo lamp amplifiers were in-
operative due to faulty transistors. Another amplifier board
revealed a burnt resistor. One skip selection flip-flop had a
faulty transistor.

4. The MZ-4 Printer operates on a principle of
sending GECO Code signals to the printer controller and comparing
these signals with those coming from the CPU. The printer was
sending faulty comparative GECO Code signals to the controller as
a result of soot particles partially blocking the apertures of
the code wheel and the photoelectric read head.

5. Printer power supplies were inoperative.
Faults were traced totwoPCBs in the control panel which had suf-
fered defunct transistors and a blown protective fuse. The power
transistor and diode bank incorporates a separate cooling fan
which has 1/8 inch clearance between blade tips and protective
shroud. The blades would not turn when power was applied; an
accumulation of wet soot had hardened and formed on the shroud
and blade tips, fusing them together.

(b) Post-test analyses of PCBs exposed to the water
sprinkler discharge can best be illustrated through closeup pho-
tographs taken the day after (Figures 32-34) and then 103 days
after Test B-1 (Figures 35-39).
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Figure 32. closeup View of PCB One Day After Test B-I.

Figure 33. Closeup View of Soot on PCB One Day After Test B-i.
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Figure 34. Corrosion Forming on PCB One Day After Test B-I.

Figure 35. Severe Corrosion on PCB 103 Days After Test B-i.
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1 Figure 36. Severe Corrosion on PCB 103 Days After Test B-i.

Figure 37. Corrosion Has Disabled PCB 103 Days After Test B-i.
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Figure 38. Closeup of Disabled PCB 103 Days After Test B-I.

Figure 39. Shorted PCB 103 Days After Test B-I.

(c) Software exposed to the water discharge also
suffered considerable damage. One diskette suffered an immediate
loss of 55 of 30,000 data items with 4 changes of data. Twenty-
four hours later the system programs could not be loaded from the

* diskette. Data recovery was atterpted by loading a program from

71



another diskette, resulting in a loss rate of 366/30,000 data
item with 14 changes of data. Punch cards were found to be unfit
for program input due to warping after moisture had dried out.

'I7
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SECTION IV

ANALYSIS OF TEST RESULTS

1. DISCUSSION

The primary objectives of this test program were to evaluate
the effects on an operational computer system resulting from ex-
tinguishment of fires with(l) an automatic Halon 1301 total flood-
ing system and(2) a water sprinkler sytem. Test conditions were
created to specifically achieve fires of materials normally found
in EDP installation, i.e., plastic and cellulosic materials. The
conditions of these tests varied widely, but central to the pre-
ponderance of tests was continued operation of the EDP system
during the test sequence. In addition, several tests were run in
an attempt to generate high concentrations of HF and HBr to meas-
ure the immediate and long term effects of the fire extinguish-
ment atmosphere on EDP hardware and stored data.

2. HALON 1301 FIRE EXTINGUISHMENT TESTS

Analysis of results of the 10 tests of Halon 1301 clearly
showed that a design concentration of 5.6 percent was adequate to
completely extinguish all surface fires and that Halon 1301 was
capable of suppressing deep-seated Class A fires even for pro-
longed periods of time.

Extinguishment time for most Class A fuels was extremely
short, in some cases almost instantaneous. When radiant heat
feedback from the flame to the solid was stopped in Class A
fuels, flammable gases were no longer produced and surface
combustion died out quickly (Tests A-3,4,5, and 7). When Class A
fuel had been burning for a longer time, e.g., shredded paper
used in Test A-9, smoldering combustion that was well insulated
from heat loss continued even after 30 minutes of soaking time.
In contrast, several tests involving plastics never experienced
deep-seated combustion, no matter how long they burned.

Halon extinguishment of a deep-seated fire, if it involves
temperatures in excess of 900*F, will decompose Halon into the
corrosive compounds of HF and HBr gas. Throughout the ten Halon
tests, local concentrations of these compounds remained extremely
low, generally below 30 parts per million. During one of two
tests where the air exchange system continued to operate during
fire extinguishment and soaking period (Test A-4), the Halon con-
centration dropped below 4 percent within 2 minutes of fire sup-
pression. h1though not visibly observed, it must be assumed that a
rekindling ot the fire occurred, since the HBr concentration of
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177 ppm measured during Test A-4 was significantly higher than
all other gas samples recorded during the entire series of tests.
Although a 177 ppm concentration is not nearly fatal, it may be
harmful if human exposure to such an atmosphere is prolonged.

Another item of concern was the effect of long exposure to
postextinguishment atmospheres on electronic components and soft-
ware. It was found in all cases that the EDP equipment and asso-
ciated software was not harmed in any way by these atmospheres.
During most of the Halon fire situations, the concentrations of
HF and HBr were below 30 ppm and even much lower when fires had
been extinguished in incipient stages.

3. WATER SPRINKLER TEST

Analysis of the results of water extinguishment tests showed
that fire extinguishment was withheld until the building itself
was in danger of being lost. Had the fire occurred in the actual
EDP equipment, it would have been destroyed or extensively dam-
aged. Despite many precautionary measures to protect the test
computer system from the water spray, water damage was so exten-
sive that the system was barred from further exposure to water
sprinkler tests. In contrast to the Halon series of tests, where
8 out of 10 tests were run with the EDP system In an operational
mode performing critical data processing functions, the full-
scale sprinkler test saw the computer shut down as an additional
precautionary measure.

Immediate and long term water damage occurred from such mech-
anisms as corrosion and staining of delicate electronic system
components due to chemical reaction, as well as galvanic action
and contamination from solids in impure water. Other resultant
damage from the one-time water deluge involved the system's opti-
cal and instrument sensors, lubrication points, and corrosion of
mechanisms and other moving parts.

In sum, it took a fairly large fire burning for some time
before the sprinkler head opened and released the water, failing
to extinguish the fire in the computer cabinet replica, and dis-
abling the EDP system for a considerable period of time.
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SECTION V

CONCLUSIONS

1. GENERAL

Analysis of results of the technical test and evaluation pro-
gram of Halon 1301 and water sprinkler fire protection systems
leads to the conclusion that Halon 1301 is superior to water as
an extinguishant for fires occurring in essential electronic
equipment installations.

2. CONCLUSIONS OF HALON 1301 FIRE EXTINGUISHMENT TESTS

a. Halon 1301 is highly effective as an extinguishant for
fires in electronic equipment installations, being easily distrib-
uted throughout congested enclosures and leaving no residue harm-
ful to delicate and expensive electronic components.

b. Automatic fire extinguishment, with a Halon 1301 total
flooding system designed to provide a 5.6 percent (volume) concen-
tration, does not produce atmospheres that will interfere with
EDP operations.

c. Most combustibles in EDP facilities do not produce deep-
seated fires.

d. Data recorded on magnetiz tape were unaffected by exposure
to these tests.

e. Printed circuit boards (PCBs) subjected to atmospheres
produced in these tests showed no degradation in performance imme-
diately after the tests and when checked at intervals up to 18
mc.iths after exposure.

3. CONCLUSIONS OF WATER SPRINKLER TEST

a. A single sprinkler discharge resulted in considerable
downtime to dry out the electronic equipment and repair water-
damaged components.

b. The heat rise required to activate the sprinkler head
withheld the water discharge until the test facility was in dan-

*" ger of loss; once activated, the water discharge was ineffective
against a fire that had nearly consumed all combustibles inside a
computer cabinet replica.
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c. The water discharge produced many deleterious side ef-
fects, primarily through corrosion and staining of sensitive elec-
tronic components.
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SECTION VI

RECOMMENDATIONS

1. Continued development of a cost-effective, capsulized Halon
1301 fire suppression system for Air Force electronic data proc-
essing installations is recommended. Placement of independent,
automatic extinguishing capsules near potential ignition sources
could reduce by as much as 90 percent the current average cost of
$11.00 per square foot of Halon 1301 total flooding fire protec-
tion.

2. Until such a development becomes commercially available, it
is recommended that new installations of Air Force essential elec-
tronic equipment continue to be protected by automatic Halon 1301
total flooding systems.

4

77

(The reverse of this page is blank.)



APPENDIX A

RECORDED TEST DATA

PCB PRETEST AND POST-TEST READINGS
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Cf.IBRRnION 188 93

-I

, w 2



TEST CRTA A?&VLSS

TE7T Fl D AT 11-7-60

SMRt # 96I±5IYV FUCTION. CPU

COMPUTEP WING. C FlOW: 6 POSITION. 32

PRETEST POST TEST3 RE5..LTS

COCTO YOT SS~C OLTAGE RESI57ANCE VOLTAGE RESISTFPiCE

(VOLTS) (fiILLIOHI65) (VOTS) (MIL!OW#6N) £DFtFERECE DIFFERENCE
(VOLTS) (MILIOP16S)

1 6.586 ±8± 6.8 w8 8888. a 4

2 6680 ±88 6680 188 88co 5

6.8 18o 4 68am 98 -8188s -i

5 5.8 M 83 5. flo ±82 -8.180 4

6 5.58m 185 5. 488 188 -8188~ 8

7 5.8 18i3 5. 888 99 88. an1

8 ±58 ±81 ±Q. 58w ±81 888no 5

9 8.178 134 8.178 98 8888n -i

±e f88 ±85 786am 990 888N -1

1.1 5.886 166 J.88 99 8888N -2

12 5.888 186 5. 880 99 688 -2

13 8.288 185 828 98 8. o8 -2

14 8280 ±66 0. 208 99 8888n

±5 8886N ±5 888 98 8888n

±6 888 on816 6. am 99 888 on

17 8888N 183 8.888 188 8888n 2

CFIBRTION 94 89

cowfs.

83



TEST DATR MFaYSTS

TEST Rl D'A 1-78

SMRE # 86±±5M9 FUNCTION. CF'J

CMPI EWiwi. C P014 C POSITION~. is

PRETEST POST TE-ST RESITS

CO9ICTOR MUTAG RESISTAN4CE VOLTAE RESISTANC VOLTAGE RESISTANC
(VOLTS) (MILLLOI*1NS) (VOTS) (MILLIOI*6) t'IFFEFDENE C'IFFE'3JC

(VOLTS) (MILLIOHf6)

1. .8am 181 8.9No 97 a.889 B

8.1SO 1.8± 8. 25 99 -. 885 2

7.908 988 98 888 we

4 8.818e ±82 G.8±8 1.82 8.8ON 4

5. 58w ±81 6.4880 1.81 -9.±88 4

6. we ±82 688 M±81 8.088

t. 888 M8 8.88 W±8M 8.88n ±

a ±9.688 ±82 ±9.6w8 ±18 8.888 12

9 6.88m ±83 6.888 99 88088 8

is 5988 194 5.98 W88 8888 8

ii 8.128 ±83 8.188 K3 -8.828 8

±2 6.700 102 6. 6w l88 -9.8 2N

13 6. 2V8 ±M 6.28 i88 8.888 2

14 6.388 M8 6.380 ±82 8888e 4

0 5.98 ift5.888 98 -e.188 ±i

16 1588 181 8. 158 99 -±358 2

17 8.88 ±8 i3 8.888 ±88 888 ±N

CFLIBRTION 94 90

84



TESi DA~TA ANALYSIS

TEIST Ri DATE 11-7-60

r.0 # 06141,-ti4 FUNCTION CPU

COMPUTER WING: C ROW. T POSITION. 28

PRETEST POST TEST RESL.TS

CONNECTOR VOLTRM RESISTMCE ,TLTRGE RESISTFarC YOLTRGE RESISTRNCE
(VOLTS) (MILLIOHWS) (VOLTS) (MILLIOHNS) DIFFERENCE DIFF CE'

(VOLTS) (MILLIOHMNS)

1 20. 68 182 28. NO i88 8. 8 2

2 6N A88 16. 868 181 8. m 4

5.9 ge0g 5.9 98 .- 2

4 O.888 162 8 888 192 8. w 4

5 8. No 1.8 8. 88 182 8. N 5

6 8.8 1m82 8. 88 @4 G. 6

9 8. 88 185 8. 888 98 0. m -3

8 20. M 182 20. m8 182 8. m8 4

9 0. m8 105 0. am 98 6. em -

l8 8. 88 185 8. 88 99 8. -2

ii 8.8 86 8.88 0.m -4

12 0. 8 182 8. w8 16 8. 8 8

Z 8.888 12 .888 182 8. m 4

14 888 185 IO 99 8. 8 -2

4 5 0. 88 182 08.88 12 8. em 4

16 8. 8 1±8 8. 8 99 8088 -7

17 8 8 ±82 8.080 86 . ON 8

CIBRRTION 96 92

COENTS



TEST TR Rh.iSI3

TEST Ri D TE il-7-se

8 , # 86i15MOF FI.XCTiON. PUNCH CON U."

COuT WING. H ROW. A POSITION: - 16

PRETST POST T.ST RES.TS

CNECTOR VOLTRGE RESI5TCE VOLTRE RESISTFCE VOLTAGE RESISTCE
(OLTS) (MILLIOHNS) (VOLTS) (MILLIOH?6) DIFFERNCE DIFFERCE

(VOLTS) (MILLIORINS)

1 8. 08 £83 8.8am 182 8. 8 i

8. 888 186 8. 88 183 8.88 -I

3 8. 88 184 8. 8e i:L 8.088 -i

.4 8N £82 8880 187 0.88 7

5 8880 188 8.888 gm 291 88. a6 -5

6 888w 166 .888 02 888 w -2

7 88 ON i83 888 2.84 8. ON .

.n88 183 8. 2.85 88.8% 4

9 .8 .186 181 £82. 888 -3

1 8. O 183 .88 184 8. 8 3

11 8.890 1@4 e. 8 185 8808 3

12 8. 0 188 . a8 182 .080 -4

2 8. 187 8888 2.84 8. 8 -1

14 8.80 £83 88.08 £2 8. 888 2

15 8. 888 £4 e. a8 2.8 .888 -2

16 8.888 182 8.88 181 8. 88 I

V7 6. w8 182 0. 88 185 8.880 5

CF.ISRMION 96 94

C.W S VOLTFM NOT TI. EQUIPENT FUNCTION NOT USE,
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TEST Al DATE 11-7-8e

BOR # 86ii428T FUNCTION: PUNCH CONTR.LLI

COIMRtiTM WING. H ROW. A POSITION. 17

PRErTEST POST TEST RESLLTS

CONNECTOR VOLTAGE RESISTRNCE VOLTGE RESISTANCE VOLTAGE RESISTNCE
(VOLTS) (MILLIOIHMNS) (VOLTS) (MILLIOH*1NS) DIFFEENCE DIFFERENCE

(VOLTS) (MILLIOHMNS)

1.- 0 ON 194 8. ame iso 0. one 8

2 8. e8 04 G.w 9 1 0. ON 5

9 8. eeone 3

4 8.88 167 . o8n 085 9. on 2

5 em ian e. n As 0. m 3

7 8.89w £8 0.0 we 14 .

an B.. m oee ie 6. -on

8 .O 11" 688e 164 8.88 4

9 0.em £84 8.6 w88 8.988 8

is 0. m 188 8. 88 182 8. 88e -2

u 0. O.N6 18 8.9w ISO 8.98 -4

12 .8m I84 0.889 184 .ma 4

C . m 23 e. a 1o 8. an 2

14 em o 182 .8.988 192 e.m 4

15 0. m A5 0. m io 0. an 6

16 8. w 186 9. 8 8. £88 -2

17 8. on 16 8.8m 115 8.m 13

C.IBMTION 96 94

9 "NTS-: VOLTAGES NOT Tke. EQUIPMENT FUNCTION NOT USED.

.97



TEST DATA RI.VSIS

TT DATE U-7-60

BOA5R F# NCTION: RCH COfTROLL

COMPITER WIN: H ROW: A POSITION: 18

PRTEST POST TEST RE5..LTs

CONNECTOR VOLTAGE RESISTANCE VOLTAG REIfSTANCE VOLTAGE RESISTANCE
(VOLTS) (MILLIOII S) (VOLTS) (MILLIO1M) DIFfERCE DIFFERECE

(VOLTS) (MILLIOIifS)

m 980 188 .889 183 8. 8o -i

2. 987 8.88 ±82 6.m 9 -±

3 0. 60 10.4 6.99 s2 6 9

4 .. e 18 8. ON .94 .

5 . 686 6.88 16. 6.8 ±

6 6. e 24 6.89 ±86 6. we 6

7 .84 .85 8.888 5

9
9- ±. 8. 0op 183 .on9 2

1s 6,18 ±83 90. 184 8.898 5

11 0.98 ±86 8898 162 8. 9 -2

12 0.9 ON09 B.8m8 184 8.88w -1

13 .96 ±i8 . 183 8. em -3

14 8.98. 1 n 8. £82 6.888 3

15 8. me 183 a.89 181 8. 98 2

16 8. 8n 185 8.806 184 8. ON 3

17 .8em 194 8.898 189 6. we 9

CALIBRATION 99 95

COplENTS: VOLTAGES NOT TAD4 EQUIPMENT FLNCTION NOT USE.

98

U - : -" ' , , " € .. . . _ _ - . . .



TEST ,.TR -N&YLSIS

EST ir2 DATE 11-.8

BO{ # 861.SSF FUNCTION. PRIHTER CONTROULLER

COMPUTER WING. A R%. A POSITION: 12

PRETEST POS T REMLTS

TO V.TR RSITANCE V(LTFIG RES I STFCE Q.TK RESISTF UC

(VOLTS) (MILLIOHMNS) (VOLTS) (mILLIOm ) DIFFEN DIFFERENCE
(VOLTS) (MILLIOIWE)

1 7.888 187 78 187 0. m8 -2

2 0.200 ±63 8. 28e 184 8. ON -i

0 7. ±92 7. M A4 B. e

4 8. 88. O05 88.8 18 888 3

5680 ±8@ 68 ±83 868

6 0.288 85 8. 8 ±88 88. 0.

7 8. 12 ±8± 8±. i 182 -8.828 -0

8 28. an t 26. 2 8 188 0. on 5

9 "6. ± 18 8. w 83 .m6

1 7. ON 99 -7. 8. 84 .868

1 7. ±88 7O8 ±82 88 08

12 6. ±12 m8 8 104 8. o 8

s 6.1 99 6. No 02 -e. 16 £

14 7. 888 ±63 7. 0 184 8.8808 -1

15 0.08 is@ 8.88 182 8.08 8

±6 6.888 ±2 6.88 ±84 8. 8 0

i7 6. on6 le 8. O 86 .8 .

CU.IBRRTION 91 93

CMflENTS.

39



TEST DATAi PiNFYSiS

TEST R2 I Q l -

sOmRD # 86LM2 V FUNCTION. PRINTER CONTROLL

COMPUTE WING. A RG. POSITION: 87

PRETEST POST TEST RE.LTS

CONNECTOR VOLTRGE RESISTANCE VOLTAGE RESISTANCE VOLTAGE RESIST'NCE
(VOLTS) (MILLIOMIN) (VOLTS) (MILLIOMNS) DI MtjEMNK DIFFERNCE

(VOLTS) (MILLIOIHMiS)

0. L38 185 8. 20 184 8. ON 8

2 8. 8e8 23 8. 8no ±5 8. 88 3

. 18. am 88 ±s. O 182 8. 8

4 8.620 99 8. 680 18 -e.28 2

5 0. 88 182 .8N 188 .8 7

6 8. 168 185 8.158 1.12 -. m 8

*7 0.688 ±8 8. 688 ±8± 8888n 2

8 2. 88 ±2 2. ON ±85 . w 4

9 2. on 13 12. 8m 14 . an 2

1 12.09 on ±2l 888w 182 . 88 2

S. 17 91 8.158 ±8± -8. Re ±

12. 0. gm 97 8.690 99 8.8 em

13 1.98 99 is.8 we I 8.88m 2

1.4 0.628 96 8.688 98 -e. 3

±5 8.8m8 99 .8w 184 .w 6

16 0. 178 98 8± 58 99 -e. 82 2

7 8. w8 ±2 88. m 15 8. 88 4

CLIRATION 98

90

I



1r r 4 - _M. T-6 I

TMST LW'JR ;NLSIS

TEST 2 DATE U-19-w

9aRt I 86:1.2.V FI1TION. PRIKER, CONTROLLER

COW"ER WING: p ROW. G POSITION- 26

PRETEST POST TEST RESLLTS

CONNECTOR VOLTIG RESISTMCE VOLTAGE RESISTANCE VOLTAGE RESIST'rCE
(VOLTS) (MILLIOIflN) (.OLTS) (MILLI 6) DIFFENCE DIFFERNCE

(VOLTS) (MILLIOHMNf)

.1 6.68 ±85 6. 6M 16 8.8on -i

2 .68 e86 0.8n U.3 e.86 6

3 i7. on ±06 17. M8 127 8. 8n 8

4 8. 6i0 ±87 6. 68 116 -. 8.8 2

5 8.88 111 6. em 114 8. e8 2

6 8.686 185 0.86n ±96 8.8 2

6.790 103 6.76 ±65 M. 1

8 28. M 109 26.8o9 13 6. 3

9 14. O8 165 14. 1 606 8. 6 0

18 13.888 188 11on 189 6.6 M 6

UJ 0. we 1 6.088 112 9.88 2

12 8. iu .66 116 -8.0% 4

13 i. n8 ±82 18. 8 85 8. m6 2

14 .60 Is 6.668 195 6. 8w ±

15 8. 66 11 8. on 112 O. ON 1

16 7.100 186 7.888 ±87 -e 8

17 6.8on 196 0. 6w8 189 6.8 2

Ca.IRFTION 98 91

COIXTS:

91



TEST DATA MFLSIS

TEST2 A2 DAME ili--8

BOID 0861.1.i5V FLCTION: CPU

CMPJTEP WING. C ROW: 6 POSITION. ;2

PRETEST POST TEST R.SLTS

COWWCOR YO..TRG RESISTANCE YOLTFKE RESISTANCE VOLTAE RESISTAN4CE
(VOLTS) CIW flNS) (VOLTS) (MIUAIOHMH) DIFFRECE DIFFERENCE

(VOLTS) (MILLIOH96)

7.9M8 i8 7.86N 97 & -2

2 7888 1l 7. M 97 8. an -3

m -US 8 -Z o6n 97 8. 8 -2

4 6.88 99 6.8em 98 . o8 8

6.888 99 6. 9 98 8. 9 0

6 6.988 M1± 6.898 1nse .69 8

7 6. ON 98 6.69O 98 0.6o6 i

8 2.w 99 29.9w 194 8. 6 6

9 8.179 99 .15 99 -0.an 2

I .8 168 .e66 ,183 6.666 4

u1 6666 6 6.98 181 6.86 2

12 6.668 16l 6.6 181 a.66 2

3 .26 96 &28 96 6.668 3

14 .26 97 8.298 98 6.9 m 2

1 .9666 .6 98 6.66 3

16 6.260 96 8298 98 9.860 3

17 .66 99 .6n le1 9. 98 3

CFLIDRRTION 98 89

92



TEST DATA RfiYSIS

TEST A2 DATE li-ie-8e

m # 86i.5 FUNMCTION. CPU

COMPUTER WING: C Raw: C POSITION: 8

PIRETEST POST TEST RE.SULTS

CO ECTOR VOLTAE RESISTNCE. VOLTAGE RESISTANCE YOLTRG RE.SISTINCE
(VOLTS) (MILLIOHMNS) (VOLTS) (MILLIOHMN6) DIFFEREC DIFFECE

,VOLTS) (flILLIGNM)

1 8.1H8 57 8. e8 97 8.88 -i

2 8.±in 97 a.188 98 .88w 8

8.888 97 .8a 97 .a6 -i

4 8.89N 98 8.em 184 8.98 5

5.88 99 7.8O 99 8.8on -i

6 6. ON 8 6. 888 99 8 . -2

S.me 97 &29 98 -. 59 e

8 2888W ±0± 288 m 186 &.88 4

9 6.906 ±9 6.88 lei -0. le -i

16 6. n ±5 5.980 104 -8.189 -2

U8.168 98 8 : 98 -8.910 -

12 6.806 96 6.888 99 0.8m 2

1: 6.388 98 6.30e 97 e.88 -2

14 6.38 99 6.38m 99 0. on -i

15 5.90 98 5. 56 97 6. on -2

16 1 6m Lee 1. 5m .9 -6. 1e -2

17 6. m ±s e. 892 6. e6 1

*CALIB9RATION 96 91

* COMMENTS:
93



TEST R2 !I-TEs

BODI # 614-3 FLKTION: CPU

tWfM WING. C RW T POSITION: 2

PRETEST POST TET RESLTS

CGECTOR WLAE RESISTANCE VOLTAGE RESISTANCE Va.TAGE RESISTRNM
(VOTS) (MILLIORWt) (VOLTS) (MILIOPM) O1FFERECE DIFFERICE

(YOLTS) (flILIOHMfS)

± 20.8N 1.68 28.88M ±89 8.86 w1

1 3.68N lei 1.3188 am8± 8.080 8

* . ON8 ±88 668 ON88 0.8on 8

888 82 888 em L5 8.888

8 .88 ON82 a8m ±88 6.98m 6

4 em8 184 ±8. 7 8.8we 2

0.6 ON 14 8.8E9 ±84 8.8an 8

6 28. ON ±96 208 118 8.8an 4

9 8.8em 194 8S. am5 As9 1.w

±8 8.8am ±± 888 am8i3 8888w 2

11 8. em 1.82 88 ON8 M88 e8m

12 6. on ±86 0 N±88 888m 2

13 a. am 194 88 we5 8M8 ±.O

*14 £8ON ±85 L88N ±95 8.0 8m

1.6 8.09 w±le 8.88m 18± 8.8 8

S. m08 186 e88 m±86 898 8w

Cf.IBP.T10N 98 99

COWENTS:

94



- - . . - . .-

TEST DATA R&LYSIS

,,7 DATE l-19-so

2OARC # 8611588 FUNCTION. PUNCH CONTROL.LER

COMPUT WING: H ROW. A POSITION:" 16

PRTSTPS TEST ;ESRULT5

CONNECTOR VOLTAG RESISTCE VOLTAGE RESiSTRNCE YOTR= RESISTNCE(VOLTS) (MILLIOM ) (VOLTS) (MILLIGHI) IF rFERENICE DIFFERENC

(VMT. ) (MIUIOHPMS)

1 0. m 99 0.88 -i

2 0. ON 98 8.8N 188 8. w 1

3 8.8m 99 8 .8 182 8.888 2

4 8.8we 810 8. 8a 182 8. 8m 8

C. 8. w8 181 8.888 1w , e. 1

6 8.8am 99 8.89w 99 6.866 -i

7 0.e 99 181 f 6.~ m; 8 8.896 18 8.888 191 8.868 -2
,9 .ame iel 9.86 InO 09. w ~ -2

9 8. w88 619 8. m 181 .w88 -1

a88 191 8. w8 163 8.888 1

.1 8888 182 .on8 194 a. o6 1

12 .8 181 e. 8. 1 e.8on 3

1,3 .on8 18 8.88 18 23 a.on -1

14 8.88 18 3 0. am 107 8.888 3

5 .we 99 8 8w 98 6.8 -2

16 a.8on 188 8.8o8 99 908 -2

1 8. 9 9 6. am98 8. 9 -2

CI6RRTION 98 91

COMPRT$: VOLTAGES NOT TRS. EQUIPMENT FUNCTION NOT USE.

95



TEST DATA NPL3i';S

TEST Ft ciTs !1-10-88

8WrM # 861..420T RFT ION: PR JC C~h7pOLL-cF

*C0O1PUTER WING: H ROW p POSITION' 1V

*PRTEST POST TEST RESULTS

*CONNECTOR 'vOTAE RESISTANCE 9OLTrL RESISTANCE YOLTFIG RESI.5ANCE
(VOLTS) (flILLIOMPNS) (VOLTS), (N1LIOHPINS) DIFFE DCE DIFF~EC

(VLTS) (MIU.IOl*6S)

1. ON8 97 0.988 97 888 9e

0. w .8 96 0.090r 97 8.8 ON

3 9.9we 95 80 96 8889 1

4 a.888 96 088 am9.8 888ON

5. 888w 95 .080~ 0. e88 4

6 9.888 96 0. ik 99 8.889 3

8.9we 98 0.8em 184 e. em 5

8888 98 8.888 192 B.98m 4

o 18 888 96 8.8w8 180 9.8we 4

* i.88899 0.8914 898OP 5

12 .88 98 0.888 98 a. ow- 8

01 8.8ON 98 0.98N 98 0.88m 8

14 8.888 98 898 1am 8888.N 2

1s 8.888 1ee 888 on813 8989e 3

*16 8.888 199 8.888 198 9.888 9

17, 9.88 188 8.88 m181 8.888 1

CFL.IBRRTION 98 98

COPTS: YnLLTAGL IRK. EQUIPHENT FtIJCTION NOT UB

96



TEST DRTR A.YSIS

TE T A2 DRTE l.--80

-OAF. # 861.150E FUNCTION: PtWH CONTROL,

CONPUTER WING. H ROW: A POSITION:- 18

PRETEST POST TEST RLTS

CON-ECTOR VOLTE P£STCE VOLTE' R.S!STPCE VOLTFCE RESISTANCE
L 7T55> (MILLIOCFINS) (VOTS) (MILLIH0s) DIFFERE7CE DIFFERENC

(VOLTS) (MILLIMfl6)

:1 8. O 9? . ON 97 8.8an 8

.2 88 188 8.888 £82 8. 88 3

4 3 888 11 0. w 184 . 8 3

5 N888 98 8.88 99 0.88 %

8.8ON 99 8.88 182 8.80 4

7 .88 99 8.89 1n 8.8o9 1

6 .18 8. 88 182 8. w 2

0 8.8 188 8.80 1m4 8.88w 4

18 .888 180 8. 8w 188 0. 8w 8

12 .88e 98 B. w 99 8. 8w 1

1S 8.O 99 8.888 186 888 7

14 8. 8 £2 8.888 183 8.80 1

15 .88 181 6.8% 181 . 88 8

16 .88 181 6.888 102 8. 8 1

17 8888 182 . 8 194 8. 8 2
CRLISRPTION 99

COWS. VO.TGES NOT TKEN. EQUIP1eT FUNCTION NOT US.

r- 97



TEST DATP ANFLIS

TEST R4 DATE 11-19-88

BOW I V6115.8F FUNCTION: PRINTE CONTROLLER

COJT WING: R ROW: A POSITION: 12

PRETEST POST TEST RESLTS

CONNECTOR VOLTRAE RESISTNCE YOLTRGE RESISTCE VOLTRGE RESISTRNCE
(VOLTS) (MILLIOMNS) (VOLTS) (MILLIOHI6) DIFFE CE DIFFERENCE

(VOLTS) (MILLIO019)

i 7.M 81 87 -0.288 1

2 8. 6e B8 8.158 78 -08. a -7

3 7.9ON 79 7.8% 89 8.8w 5

4 7.8M 79 7.8ON 88 8.8w 4

5 we 79 l 86 -4 is 2

6 8.280 89 S.179 87 -0.89 2

7 78 .lm A.f..LU_

8 2.89 82 20. an 99 .on 3

9 7. N s 6.5m se -0.5 3

I9 7. 81 6.580 86 4.56 9

2.1 7.9ON 86 6. s9 85 -0.599 9

12 5.960 8 5. sm 88 -0.i99 3

13 6.5m 81 6.288 89 -8.399 3

14 7. M 81 7.9an 89 8.8on 3

15 6.8w 79 5.89 9 -e.29 6

16 6.m 79 5. 89 86 -0. 299 2

17 a.w 85 8.9o 94 B.99 4

CLIRTION 78 75

98



TEST DMR MASSIS

TEST R4 DRTE-

!. BOIrI 6UM FUNCTION. PRINTER CONTROLL

cm"qm WING: A ROW: B POSITION: 7

PREIEST POST TEST RERLTS

COMECTOR VOLTAGE RESIST CE VOLTG RESISTFCE VOLTAGE RESISTMCE
(VOLTS) (MILLI104I) (VOLTS) (MILLIOIIS) DIFFCE DIFFCM

(VOLTS) (MILL!OlIS)

S6. 38 78 6.138 86 686 3

2 6.8 79 .w6 86 6.8 2

3 I. on 78 M 88 88 8.686 5

4 8.666 86 68 85 86.e 6

5 .0 8m a.sk 88 a.6w 3

6 139 Be 8. 138 89 6. e 4

-7 L. 77 - M ..,6. ..

8 28L66 8± si A 96 a.69 4

9 is. a 79 ±1L6on 88 L m8 4

is il8 an se .66a 85 L.6Me 8

1 6.158 Be 8.148 84 -. 1o -1

12 0.79M 78 6.708 88 6.6 m 5

13 17.69M 79 18. on 88 .8 4

14 0.796 79 0.796 89 8.69M 5

£5 0. 68 79 6.0% 89 6. we 5

16 6.156 88 6.15a 89 6. m6 4

17 9, w 84 .60 9e 6. 6

CX1IR8TON 79 75
n nS

Cl IgB~99



TEST DM ARM SI

TEST R4 DATE u.-98

9M I MUM RCTION: PRINTER CONTROLLER

COPFUR WING: R ROW: G POSITION: 26

PRTEST POST TEST RELTS

CfECTOR VOLTRGE RESISTANCE VOLTRG RESISTANCE V.LTRGE RESISTfI
(VOLTS) (ILLIOIIH) (VOLTS) (MILLIOI.II) DIFFERN DIFFUNCE

(VOLTS) (NILLIONMN)

£ 7.61M 78 6.8m 86 -8.286 3

2 .66 79 a.6on 86 0.m 2

3 8.68 78 18. m 67 8.8 4

4 .768 88 6788 85 8.868 6

5 a.8an Be 8ON 86 6.66on1.

6 6.866 81 a6an 88 2. an 2

... a t.m 2 2.66 89E 8.866

-A _7 A .77a L9sr
8 2& 82 29. ON 89 6. m 2

9 A4 ON 79 14. ON 96 6. m 2

is.2. M 78 13.88m 85 6. 5 2

a1 on8 Be a.w 87 8. m 2

12 6666 86 8.688 88 6.8 3

3 17. 566 78 17.9B 88 -0. 5 5

14 8.786 78 e. 688 89 -. 108 6

15 8. 6 78 8.6an 87 6.68 4

16 7.8M 8i 7.868 87 06 m

7 6.6 83 6.866 91 6.6 3

CA.IRAT ION 78 75

60
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TEST DWTA ASSIS

TEST A4 DATE 11-9-,

I 8 6ii5i.y FUNCTION CPU

COlfrTM WING: C ROW B POSITION: 32

PREST PO5T TEST RESULTS

COECTOR VOLTFM RESIST CE V.LT RESISTANCE VOLTRE RF.STIsNCE
(VOLTS) ("ILLIGfIE) (VOLTS) (MILLIOHPI4) DIFFERECE DIFF90a

(VOLTS) (MILLIOCIMS)

1 7.69 29 6. 8 85 -0.2M8 9

2 7.69 89 6.899 85 -208 8

3 8.89 89 6.a9 86 6.88 i

4 5.568 78 5.888 87 8. 3w 4

5 5.589 79 5889 85 6.308 1

6 5.560 89 5.89 88 .390 3

7 Z- 7R 5 mis 9,&41M.- A-

8 28.6M 79 28. me 87 66 6 3

9 e. n 79 .19 85 a w i

Is 7.86 78 0.69n 86 -7.6M 3

i1 5.5 79 5.9m 86 9.400 2

12 5.586 8e 8.388 87 -5.298 2

S8.20 92 6.408 87 0.268

14 8.159 78 9,408 87 6.258 4

15 6.5s9 78 8.468 85 -6.18 2

16 6. 56 79 .159 86 8.666 2

1? 6.6e 81 6. on 89 6.9 3

LIJERRTION 79 75
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TEST DATA ANALYSIS

TEST PA DATE 11-9-88

*O # 6i±58R FiJCTION. CPU

COlfVME WING: C ROW: C POSITION: is

P~TSTPOST TEST M9..LTS

CMlECTO VOLTAGE RESISTAICE VOLTAGE RSISWACE VOLTAGE RSISTNCE
(VOLTS) (MILLIOflS) (VOLTS) (ILIHMNS) DIFFRBCE DlFFMUC

(VOLTS) (MILLIOIM6S)

* a Me15 77 B. .59 83 8.66w 1

2 8.1i5e 78 8.508 83 8.66 8

*3 a.588 78 5.8a8 84 9.388 1

4 a m 78 6.86w 86 8.6an 3

A 5 6588 77 6,409 85 -0.in8 3

*6 6.888 79 5 9w 84 -616 Ss

7 A~ A4.A

8 28.888 B8 28.960 88 8.88w 3

*9 6.588 78 6.68 85 8. 19G 2

£8 5I588 79 5.886 85 8.380 ±

ii. 8.158 79 8.288 84 &.8em 8

*12 6588m 79 6. s8 84 6.199 Sa

13 659 Be 6.%88 84 0.888 -1

£4 6. S8 7? 6.588 es 8.888 3

15 5.588 78 &.89 84 8.388 1

16 8.1IN 78 6. 15o 86 8.660 3

L 7 8.8o8 88 e.888 87 &.8m 2

CFLIBMION 78 75
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TEST DRTA M&RYSIS

TEST P14 DRTE i--

BOM # 9614i29 F1CTION: CPU

COIFUT WING. C ROW: T POSITION:- 29

PFETEST POST TEST RESLLTS

CCOR VOLTR(E RESISTfRCE VOLTR(E RESISTM VOLTE RSSTRMCE
(VOLTS) (flILLIODfl6) (VOLTS) (MILLIOINSf) DIFFEDC OFF4C

(VOL.TS) (ftILLIFM)

£ U£95w 77 2108ON 82 8.~ 5m

2 1199 M?8 186w 83 1899n 8

3 5. 3w 77 6.w83 8.598 1.

4 am 79 8.8an 84 9.am 6

5 .e so a.on 86 888 We

6 8889 78 a889 85 9.889 2

-7-o 7946 5 -4. -

8 2099 81a 21998 es 8.99w 2

9 9.2M Be 18an 85 -1.219 0

is9 1398 Be 0. w84 -. 3w8 -1

11 6.280 79 0.m 84 -1.299

12 am0 79 a 84 -. 05 9

13 am 77 .mw 83 a ani

£4 78 1 m 96 9.889 3

15 6.m0 79 .m as an9 2

U6 35.em 79 am ans -35.0

V7 0.m N em 0. 99as99 3

CFRTION 79 75
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TEST D~RT RKSIS

TEST 49- 6

em # 8618 FNICTION KOO COTROLLER

COP"TR WING: H RON: A POSITION: 16

PRETEST POST TEST MLLTS

CONMEM VOLTR RESISTNCE VOLTRE RESIST:IE VOLTAG RESISTiNCE
(VOLTS) (HILLIOMiN) (VOLTS) (MILLIOM5) DIFFFE DIFF

(VOLTS) (MILL0 6)

± 6w 83 .8ON 87 6.899 2

2 a866 96 . em 83 ao8 -5

3 9.88 81 a888 83 1898 8

4 . 8 84 088 84 8.8 -2

5 1 82 808o 90 0. em 6

6 a m 82 8.8 an 85 8.60 ±

_7_ .Me. .. .1 .Lem! _i_

8 a1.W 86 a1m 89 8.6W m.

9 a.W 82 ILW 83 1W -

Is a6 84 8.6W 94 0. am -2

ii Ole so 9.6w 82 9.06 8

12 aw 81 1888 85 8. me 2

13 . 8 8 889 83 .06W

a 14 . w 3 60 04 106 -1

15 6. m 82 .88 85 8.Wo 1

I & onW ?9 6.88 84 6we 3

17 onW 85 18on 98 8.6o 3

CR.IIWfC 69 71
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TEST DTR ARLSIS

TEST R4 DATE i1-19-8

SOM I 06i429T FUNCTION: PMO C ONTROLID

COI)PM WING: H ROW: 8 POSITION: 17

PRTEST POST TEST RELTS

CMMIMOR VOLTc RESISTFIE VOLTE RESISTTFIE VOLTRE l RESISTF
(VOLTS) (ILLIGWI) (VOLTS) (MILLIOMM) DIFFECE DIFFERECE

(VOLTS) (MILLIOIHS)

± amO 81 6.98 8? 0.899 2

2 .9 82 8.98 9 8.68 4

3 0. on B 6.98 88 4

4 6.6an 84 &am 83 e. m -5

5 . m 79 6. M966 83 8.9an 6

; a.m 84 8L.0M 94 8. m -4

..--. 7- .- -8 .M- .8 9-

8 amO 8 am 92 aLM 3

9 am 83 am am -

is aw 82 a. m 9 6.6m 5

m. am 82 9. m 83 a. -3

12 ana 8 .9m 88 . m 3

U. .m 82 am 94 a. m -2

14 amse 94 a.6M 94 . m -4

15 6. em 81 O0am 82 6.m -3

U am om 83 GO 82 .mo -

7 .m6 5? 0. an 89 a. m -2

CIUIWI IN 68 72
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TEST D TA ANAYSIS

TEST W. WE ii-"

BOR # 66i596 FUNCTION: PUNCH CMTROLL

MUTER MING: H RON: A POSITION-.. 8

PREEST POST TEST RES.LTS

CONECTOR VOLTAG RESISTANCE VOLTAG RESISTNCE VOLTME RESISTANCE
(VOLTS) (MILLIOMffS) (VOLTS) (MILLIOMt6) DIFFERENCE DIFFERENCE

(VOLTS) (MILLIOfMNS)

a .m 85 e.m 89 6.86o 2

2 a.6 w8± 8.86m 86 6.m 3

3 0.on 83 .96 85 6.898 8

4 .8o8 82 8. an 84 6.8m 8

5 .686 84 8.88 _ 83 8.86 -3

6 .98n 89 Ode 85 8.89 -6

7- IL.ffS El LM8 .L . -,i.

8 .w 83 a8 8.8e8 3

9 9.966 8o 6.89 84 a66 i

£6 8.898 85 6868 89 8.96 2

1i .86 82 a.86 86 .866 2

.12 a6a 84 &a6 89 amon 3

13 6.69 83 .88e 85 .6 8

14 8.66 94 8.8 6 85 .86 -i

15 8,898 93 .68 86 &68 i

16 8.886 94 0.06 86 6.6m 6

17 8.686 85 B.89 98 8.m i

CA.IBR9TION 69 71
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.TET DTR ANFLYSI5

TEST A5 DATE ii-2,-Ne

BOR # 861i,58F F TION. PRINTE CONTROLLER

COPJTE WING: R kOW A POSITION. 2

PETEST POST TEST RE.JLTS

CONNECTOR VOLTAGE RESISTrCM VOLTAGE RESISTANM VOLTAE RESIST NC
(VOLTS) (MILLIOHWNf) (OTS) (NILLIOHINS) DIFFUEICE DIFF dDU

(VOLTS) (MILLIOI.'6)

1 6.889 79 6.688 84 -.2. 6

2 8. 178 79 8. 168 84 -8. 8±8 6

3 7.898 79 6.680 84 -0.488 8

4 7888 78 .88 86 -7889

5 6.889 89 5.909 85 -. ±AD 6

6 8. 158 88 8. 188 84 8. 8 -I

2 ... .L4 .9 .8.8 LUG

8 28.899 81 28.88M 88 8.00 2

9 6.588 78 8.898 86 -6.599 3

i8 6.588 79 6. 6m 83 e. ISO -i

1± 6.508 79 6.68 84 8.1i.8 8

12 5889 78 5.986 83 .199 0

6.599 78 8.8an 86 -65 3

14 7. M 88 7.8N 86 6.8ON i

15 6.9an 79 6. m 88 a.O 4

L6 5.89 89 5.98e 85 8.18 6

17 6. 8. . ON 87 6. ON I

CFt.I9ffION 78

107



TEST DRTR NAL.YSI$

TST R5 DATE U1-25-18

BMRR # 86M2.V RUCTION: PRF INTER CONTROLLER

WING: A ROW: 8 POSITION:

PRETEST POST TEST R.SULTS

CONNECTOR VOLTRG RESISTANCE VOLTAiE RESISTANCE VOLTR RESISTfNCE
(VOLTS) (MILLIOHff6) (VOLTS) (MILLIOift6) DIFFEENCE DIFFERNCE

(VOLTS) (MILLIGHMNS)

S. M 78 8. 140 85 -'e. 81 2

2 0.9em 81 8.88 85 .ON -i

3 17. ON 89 17 .NO8 85 8.888 

4 .68 77 .6.w 86 0.88 4

5 %A 78 7,e 84 ".88 1

6 8. 39 79 5.688 86 5.478 2

8 28. NO Be 20.88 84 888w -i

9 Is. 8 79 is. e 86e. 2

18 ion 79 U w9 86 898on 2

11 8.159e 81 e. 148 87 -8. 1e i

12 8.68 Be 8 6m 85 8.98n 8

1 17.O 78 17. 5M 84 .5w8 1

14 .788 79 8. 68 85 -0.198 1

16 8.138 79 8. 140 86 .8 2

17 8. 89 88 8. ON 87 .m 2

cFa.IB TION 78 75
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TEST DATA RFLYSIS

TEST R5 DATE LL 25OK

BOAD # B6M.23V FUNCTION. PRINTER CXNTRO.LER

COlfUTER WING. G POSITION: 26

PRETEST POST TEST RESLLTS

CONNECTOR VOLTRA RESISTANCE VOLTF RESISTANCE VOLTRF RESISTANCE
(VOLTS) (MILLIC NM) (VOLTS) (MILLIONS) DIFFERC DIFFERENC

(VOLTs ) (MILLIOM)

S7.NO 79 6.68 83 --8.480 a

2 8.88w 79 8.888 84 8.8ON I

3 1V88 7580 84 -- 59 2

4 8.790 79 8.688 83 -8188e 8

5 8.88 89 8.8 o 85 8.8ON i

6 8. w 78 8.8am 86 .an 4

* . .7 A-= z8.8 88

8 . 2 28.88N 84 8.898 -2

9 14. ON 78 14. 80 83 8. an i

i8 0. on 78 iz 5% 84 -. 58 2

ii. 8w9 77 888 84 8888m 3

2 8.788 77 0.60 86 -0.198 5

04 1.o8 79 V. s88 85 -0. sm 2

14 8.790 79 8688 83 -0. in 8

i5 8.8w 7"8 8. 8w 84 8.888 2

±6 6508 IF 6589 85 088 3

17 .a 81 8.988 86 98. i

..ILwTloN 69 -.
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TEST DA~TA

TEST A5 DATE U-25-88

8OM # 86ii5i1V rF1.JCTION: CPU

COIMIT WING. C ROW: 6 PUSIT!C3N 32

PRETEST POST TEST IST

*CONNECTOR VOLTAGE RESISTANCE YOLTR PESISTANCE VOLTAGNI RESISTANCE
(VOLTS) (MIU.IOD996) (YM.TS) (?1IU.IOHMIG) DIFFERECE DIFERSOM

(VOLTS) (MILLIOHffK)

I. 6.788 88 6688 87 40198 1

26.798 78 6508 86 -8.288 2

3 6.8an 78 5988 88 -8.188 4

4 5.999 88 588BO 88 -8.188 2

5 5.888 78 5898 88 8.898 4

*6 5.9987 ~ 89 4198I 6

7 _t -3. - IM

*8 288 NO 588 91 4599s 5

.9 850 79 8.158 85 8am 8

1B 6888 77 8.38m 84 -6.9 1m

. ±.8878 5.788 87 -8.188 3

V2 5.~ 7m(9 8.88w 87 -5. a8 2

U3 8.288 79 8.200 88 8.8ON 3

*14 8.28 so 8.200 99 8.89 am

05 6. 60 78 B.889 85 -6. 690

U16 1.298 78 9.198 86 -L.8 2s

V7 8.98 OB soa 88 889 ON

CALIBRATION 69 75
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TEST DARTA FINA.sSIS

TEST R5 DATE 11-25-88

BOF * 861589R FUNCTION: CPU

COUTER WING. C ROW C POSITION: 18

PRETEST POST TEST RESILTS

CONNECTOR VOLTAGE RESISTANCE VOLTAGE RESISTANCE VOLTAGE RESISTANCE
(VOLTS) (MILLIOUMN) (VOLTS) (MILLIOHN) DIFFERENCE DIFFERECE

(VOLTS) (MILLIOM )

1. .188 88 8. 15e 86 -. 8N 8

2 8, 188 i8 8. 15 85 -8.838 .

3 6.9m 77 8.88 83 -6.988 8

4 8. ON 88 .8 86 8.w 8

5 6.488 78 6.48 84 8.8m 8

6 6.88 79 6.8a 86 -8.888 i

8 29. 88 81 1. 9e 88 -e. 188

9 6.688 88 6.688 86 0. 8 8

18 5.688 77 5. 68 87 .m 4

U 8168 76 8. 158 88 -8. 818 6

12 6.788 78 6.688 86 -e.18 2

13 6.788 78 6.488 85 -0.380 I

14 6.588 78 6. 688 88 a .18 4

15 5.7 81 a.888 89 -5.78 2

16 8.148 79 8.15e 86 81.8 i

17 8.8a8 82 8.888 89 8.88a i

CUt.IDRRTION 78 76
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TES'T DATm RNALYSIS

TEST AS DRTE ii-25-8

BOARD # 0614in. FUNCTION. CPU

COWUTER WING- C ROW T POSITION: 28

PRETEST POST TEST RES LTS

CONECTOF VOLTAGE RESISTANCE VOLTAGE RESISTANCE VOLTAGE RESISTANCE
(VOLTS) (MILLIOHM*S) (VOLTS). (MILLIOHMN) DIFFSBdCE DIFFEENCE

(VOLTS) (MILLIOHNS)

1 19 ON 83 999 85 .980 1

2 ±.88 83 3. 588 84 8.5w 8

3 6. we 86 6.8e 87 8.888 8

4 0.8O8 84 .88 85 8.888 8

5 8.8we 85 3 ,86 8.8 ON

6 .88 85 .8an 86 8.8em 8

8 28.888 87 1.9.988 89 -. ±88 i

9 .8 85 8 8o 86 8888 8

±o 88.8 85 8888 86 6.8% 8

* .±O888 85 8888 86 88880 8

±2 8.8 83 8.88 86 88. 8

3 8. o 82 8. me 84 8. 8 1

1t4 1888 82 1.ON 84 8.8

5 8. em 86 88. 86 8. w8 -i

±6 8. 88 86 0.88 88 .88 i

17 8. ON 86 80.8 88 8. em I

CPLIBRATION 75 76

C0P'T;:

112



TEST DATA 4KYSIS

TEST RIS DATE 1.1-25-88

BOW~ # 86i1588 FUNCETION Ptt(CH CONTROLLR

CO UTER WING. H ROW A POSITION 16

PRETEST POST TES REULTS

CONNECTOR VOLTACE RESISTANCE VOLTAGE RESISTANCE VOLTAGE RESISTNCE
(VOLTS) (MILLIOHMNS) (VOLTS) (MILLIOHHNS) DIFFERENCE DIFFERENCE

(VLTS) (MILLIOIEWE)

1 9.9e 82 8. we 84 8.888 a

2 8. 8 83 8. 9 83 8. w8 -2

3 888 ON 8988. 98 0 8M 7

4 8. an 87 .8w 86 8. c -3

5 8. 88 85 8. am 95 8.8 8

6 a.w 82 a.98 87 8.9 3

7 44m9 a98 .4 .2 .8

8 80.w 81 888o 95 88m8 12

9 8. ON 82 8.088 82 .99 -2

18 8.8we 82 888 84 .88n 8

:1 0. ow se 8.8m 83 8.89 1

12 a.8an 81 89m 85 8. on 2

13 898 88 896 83 6.96 1

14 8. 88 82 8. w9 83 898 -m,

5 8.988 B8 8.8 94 9.m L2

1.6 0.0 82 0, w 82 8.9w -2

7 0.9 91 8.w 95 .68m 2

CFLIWRTION 69 71

COMNWS. YOLT6F.S NOT TAIS EGJIPME7 FUNCTION NOT MI
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TEST DRTA R';Ls;,s

TEST 85 DATE Ui-25-88

BARD I 86J1428T FUNCTION: PUTC CONTROLLER

CWUTE WING. H ROW A POSITION 17

PRETEST POST TEST RESLTS

CONNECTOR VOLTAGE RESISTANCE VOLTKE RESISTANCE VnLTE RESISTACE
(VOLTS) (MILLIOHMNS) (VOLTS) (MILLIOHMNl) DIFFERENCE DIFFERENCE

(VOLTS) (MILLIOH?16)

1 8.8a 82 e. 8 84 .888 -i

2 8.88 83 8.8ON 86 6. am8

3 .8on 86 .8ON 82 8.88 -7

4 e.eee 86 0. ON 81 8. an8 -8

5 .89 r 81 8. on -7

6 8. we 83 8. e 83 8. w -3

7 R-aI PAEe- 4

8 888w 91 0. a 94 0.8m a

9 .8 82 888. O8 8.8 5

18 a.m 84 .8N 89 8.me 2

.. .9w 84 8.a8 92 e. N 85

12 8.888 82 .8O 89 e.8 4

0 .18 84 e888 89 .8e

14 .8o8 83 ..88 85 8. 8 -1

1.5 ON 81 8.e8 84 8888 e

1.6 8888n 88 8888m 86 8 w 3

8 8.8 8.8ON 94 9. ON 6

CALIBRATION 69 1.

COIENTS VOLTF3ES NOT TAKEN EQUIPMENT FUNCTION NOT USED
~11.4



TEST R 5 TE 11-25-88

amD I 86±±58 FJNCTION Pt7CH COINTRU R

COMPUTER WING. H ROm A POSITION 18

PRTE5T POST TEST RESULTS

CONNECTOR VOLTAGE RESIST NCE YOLTGrE RESISTANCE VOLTAGE RESIST NCE
(VOLTS) (MILLIOIhf6) (VOLTS) (MILLIOHMN) DIFFERENCE DIFFERENCE

(VOLTS) (MILLIOlR6)

1 8.em 82 8.88 86 &9888

2 8.8n 8. ON 85 a8 86

3 86 84 08 87 8.a 0

4 8.8 83 8.O 85 .m8 -1

5 88 s ease 84 a.am

6 .8an 85 6.808 87 6. 6 -i

8- SE am. .1

8 6.an 82 8.e 98 6. an6

9 B.866 83 888 86 8.8o 6

1 .ON 86 888 91 e.888 2

a± 8886 85 .6ON 85 .o6 -3

2 68.6 9 34- .6 . a86 8

0 .o 82 8.e 89 ae 4

14 8.6 83 8. we 92 6. 8 6

5 8.66 84 686 88 8.666

16 .we 86 .9M 86 8.M -3

7 . w 866 aE 92 e m 3

CLIDRRION 78 73

Coiis VOLTAGES NOT TlEN EQUIPMENT FU CTION NGI U-&i
115



TEST DRA NAYS1S

TEST A6 DATE 12-3-88

sm #O 86=±w RHNCTION. PRINTR CONTROLLER

COMPUTER WING: A ROW: A POSITION. U2

PRETEST POST TEST RMlTS

CONECTOR YOLTAGI RESISIWICE YOLTAGE RESISTI9ICE VOLTAGE RE5ISTANCE
(VOLTS) (MILLINW) (VOLTS) (MIL±IOfl6) DIFFRECE DIFFRECE

(VOLTS) (MILLIO"f)

±6.68 Gm 6.5N9 78 4.189 9

*2 a.168 8± a8.15 9 -0. eie 0

3 6.599 89 6.598 79 e.we i

4 8Lm 8± 88 -.e 88 989 m

6 8.169 79 6L.18 81 6.889 4

27 -J48 LinU as LmG I

*8 20mO 89 L9.908 82 -0. ise 4

9 6.5me 79 6.48 79 .1is9 2

19 6. 3w 79 6.5m9 78 a m 1

* I6. me Be 6.59e 78 e. m 9

12 5. sm 8± 6. s9 78 &.969 -1

13 6.490 79 B.an so 400 3

U 1 7.W 79 6. 8w 79 4.299 2

15 6.mo 86 S.8m9 79 4.2998

16 5.899 81 5688 B8 -. 280

1 7 8.88w 82 889em 82 8. an 2

* CF.IBRTION 72 79

cMIENTS.
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TEST DATA FALYSIS

TEST R6 DATE i2-3-86

BOW)# 68613Z FUNCTION: PRINTER CONTROLLER

COPTE MING: A RON: B POSITION: 7

PRTEST POST TEST ESLTS

CONNECTOR VOLTAGE RSISTANCE VOLTAE RSISTANCE VOLTRGE RESISTRE
(VOLTS) (MILLO1H6) (VOLTS) (MILLICOHM) DIFFERCE DIFF CE

(VOLTS) (hI±IO10)

1 9. .39 86 & 0 78 6. m 9

2 a.m 96 6.999 89 .8w 2

3 17.9M 89 17.W 88 a.96 2

4 . 69 78 6.689 79 .99m 3

5 am a9 a m9 6.66 2

6 9.139 79 8.36 79 a6 2

7 L6U 5 U

8 20.m O5 1.9.96 78 -. 19 -i

9 ±1599 79 11.m 78 -0.

19 t5m9 79 1.59w 79 6.96 2

11 1±40 ei 8.±46 s9 ame ±

12 6.6 9 6 866 ei a m 3

D 17.59 9 V.0e 81 -1a 5 3

14 6.696 79 6.688 79 8 On 2

i5 &9 8e 6.m 78 a. we -i.

16 .m 81 6. 148 9 -5.666 ±

C1LITIffrON 72 79
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TEST DATP R.YSI5

TEST AS DATE 12-3-89

BMD# 06it239Y FLXCTION: PRINTER CONTROLLER

CIJTE WING: R RON: G POSITION: 26

PRETEST POST TEST RELTS

CECTOR VOLTGE RESISTMCE VOLTFAE RE1ST7CE VOLTRGE RESISTANCE
(VOLTS) (MILLIOII9) (VOLTS) (ILLIOHlNS) DIFFCE DIFFRB

(VOLTS) (MILLIOIlMS)

i 6.6m9 77 6.6890 76 999 i

2 8.89 78 8. 6m 77 6.89w ±

3 17.89M 79 17. 8M 78 9.899 ±

4 a. 5w 79 8.68 89 8.19 3

5 a m 79 79 8.9 2

6 8..99 78 8.8 79 a899 3

.7 4mm i. -I.

8 28. M 81 19.988 79 -0. 189 6

9 4, 900 82 14. 90 79 8. m -i

le ±2.869 se 12999 8a 8.9 9 2

11 6. 99 m 8.9 8 I&m 3

12 0.696 82 8.680 79 a e -i

3 V. O 79 17. M 77 6.999 8

14 8.689 82 6.669 79 0,9w -i

n.m 8t am w9 .89 ±

U 6.408 79 6.408 79 8. m 2

17 em.08 82 9,9m 8 .9 o

CALIBRTION 72 78

cO,,EE 11B
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TEST OAI LYSIS

TEST F16 DAIE 2-3-6

BO # 86±1511 V FICTION: CPU

COIfPTR WING: C ROW: B POSITION: 32

PREEST POST TEST RELTS

OIOECTUR VOLTRAE RESISTFCE VOLTAGE SISTANCE VOLTFGE RSISTANC
(VOLT.S) (HIi.IOIfGM) (VOLTS) (MILLIGIMN) DIFFERECE DIFFIRCE

(VOLTS) (MILLIGIISH )

1 6.608 s. 6.680 79 6.a8

2 6.688 81 6.598 79 -a i98 8

3 6. an 81 8.888 79 on. 8

4 5.708 Be 5.6 82 -. 18 4

5 57 82 5.680 79 -. 1 .-i

6 5.88 78 5,688 88 -& 2

7 LM 3-M -L

88 Be VA 83 -4.18n 5

9 a 5 79 8. .M 79 -4.28 2

is I.L 98 82 .m 89 a .. 98

u1 5. an 88 5.708 78 -a, 18 0

12 .898 88 On888 88 .m 2

13 a139 8. 8.14 78 8.68.a -1

14 8.138 79 8.148 76 8818 -

15 am 82 8. an 79 6.8 -1

16 aWO 99 as aIs79 aoe 1

17 .an 82 8a888 81 8.on 1

CF.1UTfION 72 78

i 119
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TEST DRT ANLYSIS

TEST R6 DRTE 12-3-89

B #- D 8R 58i 9 FUNCTION: CPU

COPUI WING: C RON: C POSITION: is

PTEST POST TEST FESLTS

CO CTOR VOILTRGE RESISTANCE VOLTAGE RESISTANCE VCLTRI RESISTANCE
(VOLTS) (MILLIOIW) (VOLTS) (MILLIOHM'S) DIFFERECE DIFFE0a

(VOLTS) (MILLIOHH9S)

M .148 78 8. 128 77 -. 29 i

2 6.139 79 a.189 77 -. 39 

* 3 a888 82 9 m 88 8.a w 6

4 a.on 78 9888 89 .an 4

. 5 6.588 so 6.4W9 78 -tis@ 8

6 5.7 88 Be 3,7 7? a. -i

... A, -.8-9 . 86 4 .2.

8 26.M 83 20.L 94 0.86 3

9 &78 79 6.78 88 8.888 3

is 5.6m8 81 S 796 79 0. In 8

9.1i6 8 8. 169 78 6.6 8

12 6.68 8 &7M 79 & In 1

13 6.4M 82 CL4M9 86 0.m 8

£4 &5M 82 6. 3M 79 O. an -i

15 a m 83 889 81 a.m w

16 . in 6 9.148 81 -u.s18 3

£V amo 83 . m 83 B. me 2

LCN.IDRTION 72 79

COMMfT:1?{S1R! .



TEUT DAM ANALYSIS

TEST A6 DATE 12-3-88

BOR # OU41259N FICTION: CPU

COMPUTR WINE: C ROW:. T POITION: 29

PRETEST POST TEST RELTS

CONNECTR VOLTAGE RSSTANCE VOLTAGE RESISTANdCE VOLTAGE RESISTANCE
(VOLTS) (MILLIOWSf) (VOLTS) (MILLXIM) DIFFRECE DIFFRBCE

(VOLTS) (HILLIOIW6)

1 V.5w9 79 1.9. me 77 4.5m9 8

2 1.19on 78 1.38w9 78 9.999 2

3 5869 78 5789 89 4199n 4

4 a.9w 82 a.9m 79 9.999 -i

5 as 79 a m 81 e.mo 4

6 am w9a am w84 em9 6

7 inD M 9 Mm2

8 28.9ON 82 19.900 419a9I 5

9 am 81e am wB a m £

Is am w 8 ama 79 a m -2

ii a m as am on Be&m 2

12aLm 79 am o al. 0.m 4

13 amw 79 am o 79 &me 2

14 L99w 82 ama 76 -1 86 -4

13 am 2 .m Be 0. m e

Ms a m eaam 83am 4

17 am ons am 83 a m 5

CLBAIN72 79
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TEST DATA ANALYSIS

TEST A6 DATE 12-3-88

BO91) # w6i FUNCTION: PtUCN CMTROLL.ER

COPTER WING: H RM: POSITION: 6

PREEST POST TEST FESLTS

CONECT VOLTGE RESISTANCE VOLTAGE FIS;I C VOLTAGE RESISTANCE
(VOLTS) (MILLIOII95) (VOLTS) (MILLIOfNS) DIFFEENCE DIFFECE

(VOLTS) (MILLIOH 6)

am 90 am m 8-6

2 a88m 84 eM 83 8.88 I

3 88 86 8.888 98 8.898 6

4 .8888 8.8M9 Z 88 888me 2

5 .80 87 .6 83 amon -2

8.888 84 am 83 9.m 1

e am 95 86mS an -5
9 am 84 6.e 83 R.m w

is 6.m% 85 aean 82 se

ii amo 84 a.m 83 a am ±

12 amon 94 a M 83 .m .

3 .me 84 .e 94 6,.m 2

£4 ..m 8 amw 82 a. on -2

15 9. on 87 a.m 83 .m -2

±6 6e 83 am o 83 a.m 2

7 a m 95 a w 98 am -3

CRLIMTION 73 71

C T: VOLTAGS NOT TMD EDUIPOT FUNCTION NOT USED
122



V. TEST DATA AELYSIS

TEST A6 DATE 12-3-88

SOM~ # *6S.420T FtDTIOHi Mo~r COl4TRO.LE

COPFTEING; H ROW: A POSITION: 17

PKTEST POST TEST RESLLTS

CONNECTOR YOLTRIE RSISTMMC VOLTG ESISTMCE V(LRGE RESSTMCE
(VOLTS) (MILLIOMfl6 (VOLTS) (MILLIOMfl) DIFFTE1C DIFFE

(VOLTS) (MILL1OMIS)

. o.8n 85 am88 85 8. o 2

2. w88 88 888on 87 8.899 1

43 a.88w 86 8.8em 88 am 4

4 a.8 m9± 8.88e 82 8.888 -7

*5 .mw 92 aem 83 am o -7

6 8.m 85 6.9% 83 am e9
7. 8.885 F-A 89 I86

8 95m am soas am -5

9 &ao 87 aean 84 8.88 -1

1i8 0.m 96 a w 85 .m -9

11 .m 86 0. a 84 8.mo

L2 a.m 93 am O 86 amw -5

*13 a.m 88 a. m 8 .mw 2

14 am85 .a 84 a.m i

Z5e~ 85 a~ 83 am 0

16 .m 94 a.me 84 am2
17 am68 9 am 9em

CFIBTION 73 71

CON9TS. YOLTFMS NOT TAM EGUIPMW~ FLHTION NOT USED
123



TT DATA ANALSIS

TET R6 DRTE 12-3-68

BOR # f6tl5em FUNCTION: PUH CONTROLL

COIUTI WING: H ROW. R POSITION: 18

PRETST POST TEST RESLTS

CMEZTR VOLTRGE lSISRNl VOLTRGE RESISTRNCE VOLTRGE RESISA"N
(VOLTS) (HILLIOIWE) 'VOLTS) (MILLIOI ) DIFFREd DIFFECE

(VOLTS) (MILLIOCHN)

1 .6m8 85 e.a 83 6.8e -2

2 6on 83 8.a8 82 8. 9 -±

3 88 86 8. w8 85 a.an -±

4 a. 6m 83 8. m C4699 1

*5 8.86 M 88 0 6a 85 0.um -3

6 0. 88 66 m.5 a m -3

8 9 6 951999 8 198 -7

9 9.8m 86 6.89e 87 a9M ±

is on6.9 91 8.8am 87 8.888 -4

a m1 88 .8m 96 go88 2

12 ao 8? .m 8? &.99 6

36.o 96 6.99a 99 .m -6

4 a m 84 a e 84 8.88 9

.15 a89 6 a698 84 9.em -2

16 99e 85 . 88 83 a m -2

V7 .699 95 8.8on 95 a6m 8

Ca,.I9WVIN 72 72

COM" ITS: VOLTA NOT TBF#N EQIPMET RMCTION NOT U
1 124



TEST DRTA ANALYSIS

TEST R7 DATE 12--89

BOM I 86158V FUNCTION PRINTU CONTROLLS

Cogum WING: A ROW: A POSITION. 12

PRUEST POST TEST RMJLTS

CONECTOR VOLT(iE FIS'IS VOLTAGE RISTFICE VOLTAGE S1INCE
(VOLTS) (fILLIOM ) (VOLTS) (MILLIOMS) DIFF99M DIFFRE

(VOLTS) (MILLIOHIM)

i &98 89 65 82 6. 9n

2 . i68 88 .. 56 82 -a. us8

3 6.588 82 6.5M0 84 8.8m

4 .e0 84 a8o8W 86 8.96e 0

5 5.8 9 58m 84 9.68 2

6 .178 79 & 176 82 6. an 1

7 8480 79 S.-.-.2 .9. -1

8 28. 9 84 29.88 8m se98 2

9 6.5m 79 6.5 84 8. on 3

18 6.580 76 6.5 a. w 7

ii. 6.508 79 6.588 82 a.9on 1

12 5.6m 8 5.60 82 amwe 8

13 S.98 9a 8.90 82 a. w

14 7.99 78 7.on 8 a. 0 0

15 6.M 79 6. M 84 a 3

U 5.88 79 5. sm 82 8.98 £

17 6.908 82 9.990 86 a. m 2

CLI9lTION 69 71

[ iS: 125



TEST DATA A..915

TEST A? DTE 12-8-88

BOW 4 86±323V FUNCTION. PRINTER CONTROLLER

COIUlTE WING: R ROW: B POSITION: ?

PREESi POST TEST RESULTS

CONNECTOR VOLTAGE RSISTINCE VOLTRGE RSISTANCE VOLTRE RESISTFNCE
(VOLTS) (MILLIOIHMN) (VOLTS) (MILLIOHMNS) DIFFEECE DIFFDNCE

(VOLTS) (MILLIOHffS)

. 8.138 9 8. Do 8i 8.8an 8

2 OL m 88 8.8 82 8.8we 8

31. 88 78 7. 888 88 8. we 8

4 8.66 76 . 88 8.88 2

5 0.88 88 8.888 8 .W -1

6 5. 9w 81 i8s% 83 -9085 a

7 8.m . 30 IL Mm

8 A ON 84 28. ON 89 8.88 3

9 1.296 78 A .18 84 -8. 188 4

is W. 58 78 ±A.568 88 8.88 8

1.r 78 8.148 s8 a o8 8

12 8.6N L B. s8 85 .88 1

13 17. 3M 79 17. 58 81 8. we 8

14 8. 6w 78 8. 6Q 81 -0.1 1i

15 9.6% 81 e. ON 82 6.888 -i

0.t49 e 8 148 94 8. on 2

17 0.88n 84 8.8e 89 8,88 3

CFLIMHTION 69 71

O lENTS: 126



TEST DATR Nl.YSIS

TEST A7 DITE U-8-80

BONFR) #K M FICTION: PNTU CONTROLLER

COPTER WINO: R RON. G POSITION: 26

PRE POST TEST RELTS

aCINOTE VLTCTR RIS VOLTME RESISTRN VOLTAGE SIS
(VOLTS) (MILLIOH1) (VOLTS) (MILLIOM') DIFFU DIFFREC

(OLTS) (MILLIIfmM)

1 6.56 79 6.6 79 8.B6w a

2 6.68 78 n6 62 & em 4

3 17. 5O 76 17. 56 81 9. 96e 5

4 0.66 82 6.890 86 5.409 4

5 .996 89 A w 89 6. m 9

6 6.6 6 78 6.66 78 6.66 6

7 - o4-A79 18 I -

8 26.866 79 28.68M 79 9. 66 6

9 14. 986 14. 86 88 . 88 a

is 2.569 81 t2.58 83 9. m 2

u1 6.966 77 .666 78 666 1

12 6.6m6 78 6.686 78 6. 6m 6

S 17. 5 6 7. 5M 79 6. 66 -'.

14 6.65 78 a. 6 78 .6on a

5 6.6 6 84 8666 88 66. 4

M 6.596 86 so66 86 8.66s 6

17 1a6 78 6o6 82 8.666 4

CUI ION 78 79

cOemEiS: "127



TEST DATR ANLYSIS

TEST A7 DRTE 12-8-88

BOARD # 86151V FUNCTION: CPU

COI WING: C ROW: B POSITION: 32

PRTEST POST TEST RE.LTS

CONECTOR YOLTRM RE.ISTICE VOLTRGE RISTACE VOLTR RESISTfCE
(VOLU) (MILLIOHP6S) (VOLTS) (MILLIOHNMS) DIFFERNCE DIFFEC

(VOLTS) (MILLIOHMNS)

1 6.688 76 6.688 si .8w 6

2 6.686 79 6.688 so 8.8m 2

3 8.88 79 8.888 78 am e

4 5.888 79. see- 78 .8e 8

5 5.988 88 5.888 79 8.8on 8

6 5.8w 78 5.88 8.7S 2

8 19.908 85 19.988 84 8.8m 6

9 6.150 88 8. 88 s. e.m i

i 1. m 76 8.88 79 8.8m 4

ti 5.88 88 5.888 79 . m 0

a2 .n 81 8.888 79 8.8m -1

13 8.138 78 .13 83 0.8 6

14 G.I13 79 8.1U 79 .m i

8.188 82 8.188 81 8.8em 8

16 .m 76 8.88 81 .w 6

7 em. 82 8. on 82 e.am

I CRIIlTION 78 69

caEINTS: 128



1

TEST DATR ANALYSIS

TEST R? DATE 12-R-88

-. M # 66M 58INI CTION: CU

CMWIJT WING: C ROW: C POSITION. is

PETEST POST TEST RJLTS

CONNECTOR VOLTRE RSISTANCE VOTRIGE RESIST VOLTAGE RSISTACE
(VOLTS) (HILLIOM) (VOLTS) (MILLIOIHNS) DIFFENCE DIFFEREC

(VOLTS) (MILLIIW)

S8. 140 8 8. 146 83 . w6 2

2 9.13 76 O.13a 88 8.88 3

3 8.8m89B 8.88 82 8. m i

4 0.8m 79 8.888 w 8e.on 8

5 6.5m 78 6.588 79 0.8M a

6 5.88 82 5.8.8 85 a.8m 2

7 - ... M . Z6 ... M.. -a .1

8 19.988 81 19.96 82 a.an 6

9 6.60 79 6 m8 s 6.8an6

i8 a.688 79 5.680 so 8.8 8

i 0.128 79 8.129 88 .8m

12 6.6 82 &70 8.8a 8 2

13 6588 78 6.58 Be aw i8

14 6.5M8 78 65m 79 6.8m 8

15 8.88 81 8.888 82 e.6 8
Zi a m a 8 . a4n 82 9. an0 6

16 8L 140 al. 8.148 82 8.88w 8

17 6.888 8± 6.88 86 80.w 4

CALI9TION 69 78

129



TEST DAfM RA.YSIS

TEST R7 DATE 12-6-8

1BO I# 86412 F~iCTION: CPU

COIFUTER WING: C RON: T POSITION: 2

PRTEST POST TEST RESL

CONEICIR VOLTR RESISTRNCE VOLTf[ RESISTMCE VOLTGE RES15T
(VOLTS) (MILLIOHI66) (VOLTS) (MILLIOIHM6) DIFFU CE DIFE

(VOLTS) (MILLIW)

± 296690 82 28.8on 84 8.669 2

2 13 ,9 89 l135m 88 8.89 -1

3 5.906 89 5.98 86 8.899 6

4 6.8on 96 8988 88 6.998 a

5 . on 81 81 .an 8

6 0. m 78 8.990 81 8.9n 3

8 1.9.99 81 19.999 86 8.89 5

9 8.6n 78 a9.9 78 6.99 8

18 .6n 78 6.9em 78 a.9am 9

i a w9 82 3.6em 84 B.M89 2

12 B9.9 99 B96 81 8.8 w i

* .3 8.966 89 8.898 86 8.896 8

14 £. 6 89 L9m 79 699 -1

15 .99 81 8.99e 83 B.8w 2

16 6, em 78 80 82 6.9 4

1.7 6. o9 83 8.8an 8 a.89 5

(CFIMRTION 78 79

CmOIw . 130
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TEST DATA RFAYSIS

TEST Al? DMT 12-8-88

BOW # 861iZ FUNCT ION: PUNCH CONTROLLE

COMM MING: H RO: A POSITION: 16

ES POST TEST RERLTS

C*E l .OLTRWE RESISTNCE YOLTRGE IESIS1aC VOLTRE IESISTW
(VOLTS) (IILLIGM) (VOLTS) (MILLIHfl) DIFFICE DIFFTE

(VOLTS) (MILLIOWIN)

i a.M8 82 6.6an 91 6.666 8

2 a.o6 86 8. o6 91 6.896 4

3 6.6a6 91 amw 87 w.6e6 -5

4 6968 82 6O 92 8. me 9

5.m 86 m. on 9 6.6 3

6 a66 8a m 96 66 4

7 Am al B._ a .5

8 . 98 86 8.9n 92 aem 5

9 6668 86 aman 86 G.w6 -i

im a on 83 6ean 87 e.a 3

ii e.m 89 a. wB am --2

12 a. m 83 amw 87 amw 3

i.em ,5 am a8. w1m i

U am 84 am an Be. o 2

16a em 83 a 86 .man 2

7 06e 86 .m 95 a m 8

f C J TION 69 79

cm. G TS: VOLTGES NUT TWN EQUIPIEPT FLICTION NOT U5ED
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TEST DRT fk SIS

TES ? 7 i2-6-88

SOM # 86ii4420T FUNCTION: PtNiC DMUL9

MVVWI NG. H RON: APOSITION- ±7

PRE5T POST TEST RELTS

CONNECTOR VOLTAM RESISTANCE VOLTA( RISTACE VOLTE RE SISTRNCE
(VOLTS) (MILLIOHIf) (VOLTS) (fILLIOHR6) DIFFRE DIFFRE

(VOLTS) (MILLIGI46)

± ewm 81 a.mon 89 6.999

2 199 83 8,m99 89 1.8em -.

3 0.6w 84 9.99w 89 0.098 -2

4 .8me 8± 8.99 96 9.888 2

5 a9o9 81 0. em 89 8.999 ±

6 0.89w '2 ,8. 92 1988 3

G am es 8.9w 92 a.me 0

9 aon 88 8.89 94 9. m9 -i

is a.6on 84 a.mn 92 . w

*.1. . • 99 a,9m 94 89.on -3

12 9o 83 a.m 88 9. om -4

13a.O 96 e06% 91 8.9 -2

14 .999 83 899m 99 6.899 9

,5 am 95 8.899 89 0.man -3

16 a on 95 0. am 89 .mon -3

£7 8999n Be .mw 92 .e -3

C..I9MTION 71 78

COr9IS: VOLIrT3 NOT TAKEN EQUIPMENT FUNCTI NOT U

132



TEST DIATA AFALYSIS

TEST R7 DATE 2-8-88

M 4 86L1 UK FUNCTION: KID CONTROLLER

COPJTM WING: H RON: R POSITION: i

RTEST POST TEST RERLTS

CWEC VOLTAGE RESISTMCE VOLTAGE RSISTCE YOLTAGE RESISTRNC
(VOLTS) (MILLIOHIN) (VOLTS) (MILLIOMII6) DIFFEREJ DIFFEIME

(VOLTS) (MILLIJG6)

a am 87 a. 88 .88 ,-4

2 a. m 85 a06 A a.an i

3 0.m B. w6 89 .9 -4

4 a99 85 .o9 89 .88m -i

5 am 85 .on 94 &6.m 4

6 6. m65 . an 89 86 -

7 LM 9. 7 LM

8 am 91 a.m 9 2

9 a 87 a.on 96 a. m 6

is a, m 88 6.m 89 .6m -4

ii am 85 B.m 191 0.on u

12 .m 96 amwe 93 aman 2

13 aman 9 6.m 96 a om -i

14 amw Be .m0 89 .mw '-4

.a m 87 .mon 95 8. m 3

6 .mi 9 a.m 9& 6.m -1

17 a m 91 8.00 96 6.m 2

Ca.IDMTION 73 78

CM9ENTS: VOLTAGES NOT TN EQUIPMENT FRKCTION NOT U

133



'TEST DATA FRLYSIS

T EST A? DATrE 12-0-98

* ~ ~ B #OW) SSI FLICTION: PRMC CONTROLLE

IoTr MIN: H OA: R POSITION: 16

PETEST POST TEST RSLTS

CONNCTOR 'U.TAIE RESISTICE VOLTGE FSISNCE YOLTAGE ESISTRCE
(VOLTS) (ILLIO) (VOLTS) (MILLIOMNS) MIFF98E DIFFEWBC

(VOLTS) (N1ILLIOIW6)

i a gm 82 amS 91 a on 9

2 a 6 96 & BOB 91 aUS 4

3 8. on 91 a9 a? 67.a M -5

4 &.on 82 R On 92 8. M 9

5 a M 986 6.66 ON.9Ua 3

6 0. M 8.1 95 a.on 4

7 LM MAG as .LOU 3

M as am am 92 a m 5

9 amo 96 R6 on66 6.000 -1

Is am 83 am w7 v.66 3

* i Rm M 9 .m nB a M -2

-12 am 9a a m 97 .m 3

1 3 amOn 8 amo 8? .m n

*14 am M84 0.am s g om 3

15 a m 5am 00 B amo 2

16 8.6w 83 am 96 0. m 2

1? a m 86 8.06 95 am M

CRUMMION 69 78

* COWS: VOLTAGS MDT TOOE EWUIPMWN FLICTION NOT USED



Lir

TEST DATRA AALYSIS

TEST R7 DATE 12-8-88

BOWI 615±H RUCT ION: KM COTROLD

CmpUTER ING: H R:RPOITION: U.

PEEST POST TEST REJLTS

c llTOR VOLTAGE REISTANCE JLT(E RESISTMCE VOLTAG RESISTN
(VOLTS) (HILLIOIW6) (VOLTS) (MILLIOINS) DIFFNCE DIFFRNC

(VOLTS) (NILLIOm)

am on amw 91 6.m 14

2 a w @. w 91 0. m 14

3 aw e 8.8an 91 8.M 14

4 . . on 92 8. w 15

5 . on a & am 95 .m i8

6 8 8.9o8 95 a m is

8 .m e .m 1 O88M 25

9 a m 0 amw9 9.w 13

Is .m e .m 94 amw 17

i m 0 8. m ift am 24

12 6.m e am& o 2 &m O5

1 we m e m 89 am 12

L4 &m a em 92 a.mw 15

15 am 9 a. m 89 9.mw 12

is a w .w 96 0m a.3

17 m a .m 97 0. m 26

CFLIMTION 7

CONSS: DPW To 7M IA.N K!1m



TET DTA ANFLYSIS

TEST R? DRTE 12-8-88

BOW I 96i2827J RIJCTION: PKHM CONTRML

COT MI"NG: H RO:. R POSITION: 14

PTEST POST TEST RELLTS

CECR VOLTRiE iEIISTRNE VOLTAGE RESISTAC VOLTAiGE REISTRI
(VOLTS) (HILLIOWI9) (VOLTS) (MILLIOlIM) DIFFEREt DIFFUC

(VOLTS) (NILLIOlffM)

i 9 a 6.an 94 a.98w 17

2 .8 w 8988 93 8.89a 6.

3 .8 B .w 93 8.9 o8 U

4 a w 6. 99 92 8.960 m

5 .on 8 93 88 8 16

6 98 6 8.98 an. 919a6 14
L7

8 .wa & e 98 & m,8 21

9 .688 9 98me 92 .989 15

i9 . 8 9.9m a &w 91 . 4

1± w~ 6 8.m% 91 B.m 14

12 &m w .mo 92 6.09 15

U am 8 B. em 9 6.6me 14

14 & on 6 a m 94 .m 17

Z a em 8 &ON 93 em on6

U6 a O a. em 96 .w 19

17 &6w 6 .m8 % m 9

CFL.I9fTION e 77

CWNIS: OH TO 7 tFLON NM

.116



TE-T DAT ALYSIS

TEST A DATE ±-i-8

BO I .611588F FUNCTION. PINTER k'DtLLER

COMPUTER WING. A ROw: A POSITION: 12

PRETEST POST TEST RESLTS

CONNECTOR VOLTAGE RESISTANCE VOLTAGE RESISTANCE VOLTAGE RESISTANCE
(VOLTS) MILLIOINS) (VOLTS) (MILLIOH.NS) DI FFaDCE DIFFERENCE

(VOLTS) (MILLICkffN)

1 6. 08 87 6.480 78 8.898 -1

S8.168 86 8.i5 ,9 -8 88 I

6.408 87 6.400 79 8898 8

4 6.206 87 6.408 79 8.290 a

5999-D 1 78 e .

6 8. 6e 87 8. 16 79 8. ON

7 8. 18 85 8. 19 79 88. 2

8 28.88 86 2. 86 88 8.% 2

9 6.489 85 6.480 79 0.8

18 6.48B 86 6.400 8 8.8O 2

U1 6.489 85 6.46 78 89.8 1

12 5.98 85 5.8 M 8.98 2

1; 6.28m 84 6.29e 78 .9 2

14 6.489 85 6.58 79 .9 a.

15 5.980 85 5. 5M 79 0. we6

16 5.980 85 5.980 , 8am 2

17 8. 89 86 8 89 888 6

CA.IBRATION 7 6?

COIENTS 137



TE3T DqTm ANi. .S;

TEST P9 DATE 12-1.2-80

B # 86232Y FLNCTION: PRINTE; 7OTROL.LER

CO'PUTER WING: A ROW. 6 POSITION 87

PRETESt POST Ep RES,LTS

' CONECTOR OLTAGE RESISTICE VOLT RESISTANCE VOLTAGE RESISTANCE
(VOLTS) (MILLIM'fINS) (VULTS) (MILLIOH*16) DIFF-RENCE DIFERDNCE

(VOLTS" (MILLIOIfS)

i 5,8 si 8. 140 79 -5 46 i

2 888 82 8886 88 888 I

3 70@ 81 175If 88 15 880 2

4 8.408 81 86 82 0.220 4

5 8.888 3 P 8 8. a 5

6 5. 7 83 0.148 88 -5. 0 8

8 2888M 83 28.80% 85 8.8O8 5

9 18 5 84 11. a 81 8 0

18 1.2.888 83 1.2.88 88 6888 8

S.228 84 0.140 82 -a. 8 1

2 8.588 84 8 68 79 0.828 -2

17.588 83 17. 5M 75 8.868 -.

14 8. 6a 83 9 628 76 8.88 -4

8,8 8 864 8.88 85 8.88 4

16 8. 148 83 8140 78 8 we -2

.7 8n88 85 8.8% 85 8.8 0

CALIBRATION 74

138

I



UT F6 12-12-Se

WAR) 8622T ~i ON PPINTER CONTROLEp

COMPUJTER WING. A OW G P'OSITION. 26

PRETEST POST TEST RE9.L IS

COMCTOR YOLTAGE RESISTANGE VOLTAGE PESISTANCE VOLTAGE RESISTFWE
(YOLTS) (MILL4IO~mNS) (VOLTS) (M!LLICS~*w DIF7ERENCE DIFENC

(VOLTS) (IMILLIO'ff4S)

658 w84 6 48@ 7 -6 o 8

8.8am 88ON 79 m886

17 75W6 85 18878 -05600-

4 a.688 67 060e ON~88-

0- N.O 86 088 87 708

6 888ON 81 8.8ON 76 0 w

8 29. a18497 82 85 20.6E% 85 888 we__

0. 686 81 8. 6w 78 88 m

13 17588 s 88t 15w8 77 88we

14 0. 6a 81 62N 78 0.8w 3

15 8 W. 84 888m s8 8888e 2

16 6.689 82 6 48 i's -6e.280 2

17 088 85 0880 SA 886 we

CN..IBRATION 73 6

139



TEST DAT R4fLSI:

TEST R9 CATE 12-12-80

8ORR # 96115ii!Y PtCT ON. PU

IO~ JTE WING. c ROm 6 POSITION 32

PRETET P0.75 TEST 'E(L

* OWNECTOP O L TR Fr= ESIST~CE VOLT~ru ~ES IST Ma nLT~rGE RESIST~a
(VOLIS) (PIILLIOHP6) ('VLTS' (MILLIOHffNS') CIFF"---NCE D I FFUECE

(CL TS5) (MILLIOMl6)

6. 786 79 26 77 -.0.5N I

66088 6.4800 -. 2980 1

3 6.8 81 6.8M 73 8.8 8%

U4 e. 6N8 al goo 7? 8.380

*5 5.688 Si 91 78 83.

*6 5. 6w Si J. C8Q 79 0-398

wa 2 2wa

c. 2N.8 8N2 1.9088 84 -e. IS 5

9 8.168 88 0 8o 78 w86

±8 6.890 82 6408 S2 48480e

1.1 5.808 88e98 788.61

12 5.690 82 5.686e 8±888

L 3 0.is@ so 9±188 79 8888 2

1 4 9. 188 81. 0 88O se8.8 2

1.5 6. 78e 81 0.308 Be --6400

1 6 a.1.28 81 8 lee 81 -e02m

V7 83 0888 81 80 1

CFL~ISVIO 74

COMPNTS: 140



TE DRTF 4aYSIS

SM ~# 8611509 RJCTIO CP

CM~PTEj WING. C RUNE C :'LSi !ON 18

PETEST c OF 7ES7 RERLTS

CO9ECTOR YtLTE RE515TAdCE YOL T E PKESF~EE YOLTAE PESISTMCE
(VOLTS) (MILLIOft6) kYOI7S; N'. MIE D1FFZ Z DIFFD(

(VIOLTS) (PflLLIGHG)

1 0. 148 86 81i2n r6 -e.2 m8

2. 8148 85 8120 76-e82 1o

3 5.88 86 5.960 76 0.90 a

4 0.00 5 88 85 080l

56.588 86 6. 2% 76 -0.388 8

6 5.98e 88 5.988 85 88m87

8 28.88w 86 L9988 78 -0.188 2

9 6.688 86 6208 76 -e. 488 8

1e 5.788 88 5988 07 .200 -1

ui 8 IN 86 8.188 76 -4.8 07

1: 6888 87 6 488 77 -8.4e8 8

13 6.688 86 6.288 76 -08408 8

14 6688 87 6.288 178 -8.488 1

15 S89 86 S.888 76 8.888 8

16 8.1M5r 8 we8 7 -0. is 8

V7 8888m 88 888 88 s80 2w

CF..IMRTION Is 68

141



TET PT WL.SI5

1Ei S9 , TE I2--88

6WL 4 96141230 FUNCTION LU

COIPUTER WING. C ROiT POSITION. 2

PRETEST POST TEST RERLTS

COW1CTOP VOLTFGE RESISTANCE VOLTAGE RESISTANCE VOLTAGE RESISTRNCE
(VOLTS) (MILLIOMNS) (VOLTS) kMILLID S) DIFFERENCE DIFFZERNCE

(VOLTS) (MILLIoH, )

1 19988 89 La.90 78 88.8 1

2 13.5W6 89 .N886 88 -858 3

3 5. 88 67 5.980 8 8188 3

4 .888 91 8888 2 8.we a2

5 8.8E 92 088 83 O.8N 2

8.888 98 82 8.88 -4

*7 ARp Lm Z.4. -. ASA

8 20. 8 91 19.9 8 84 -8. 18 5

9 .138 89 0. 8 76 -0.138 -t

18 8.258 98 888 76 -. 258 -2

±8. 188 99 8. 8 76 -8.188 -2

12 8. 158 89 8. 8 8, -0 15 6

S888 87 .080 76 0.888 1

14 t w 91 8 '5 77 -0.256 -2

1. . 126 0.9± 8880 76 4.128 -'

*16 35866m 93 88w8 75 -35888N --i

17 8. 8 92 0 Bo8 76 8. am -4

Ci.BbTION 88 66

142



TEST Fe DPTE 12-2-o

BOWD # 861.i5Wf RJXT!0 P'KICH OTROLL

COMPUTER WING H W A P'OSITIT, IO 6

PRETEST POST 77 R3LTS

COtECTOR YOLTAr= RESIS', V ',lLTFRE RES 1 STE ', OLTAGE PE S] 7.NEE
;'OLTS, (MILIOI -S) VrLTS, (MIL' L S) DIFFERE DIFFE,

(VOLTS) MILLIOl'ff6.,

1 80.f 82 8888e 79 88066 2

0. 83 .8 ON .8N i

S 8. 8 82 B.68 8 e 8

4 888 erde 0. ON 8868 i

C. __- .@.2

8 88868 -O8 8.8 -

6 88%o 8K 8.8ON 77 88880 -1

8 6.68 85 66006 79 6.8a8 -i

9 8. a 83 8 we 77 8. e -1

8 a. 8 84 6 86 7 8. O -2

1i 8.868 84 8.88 88N -2

12 888 ON 888 am 8888 -1.

1.3 .e6 82 .we 7 8. am e

14 0. n 87 . m8e 79 8. 8w -3

15 6.88m 83 888ON 77 8.6ON -1

Se. 8886m 82 88w 76 88 8 -i

17 .88 85 .ON 84 888m 4

ICI.IBRRTION 72 67

COENTS. 'O .TAE NOT TRIB EQUIPMEN FUNCTION NOT UE,

1.43



TEST £ TB Q~3i3

TEST 0 DATE "-"-88

SR # 8611420T FUNCTION PtRHCHONTROLLEP

CW.J WING. H ROW A POSITION 17

PRETEST POST TEST RESJLTS

CONNECT, VOLTRGE RESISTANCE VOLTAGE RESISTRCE VOLTRGE FESISTRNCE

(VOLTS) (MILLIOHINS) (VOLTS) (MILLIO-NS) DIFFEREW DIFFERC
(VOLTS) (IILLIOUIMIS)

0. em8 88 .888 79 8. 8O 6

2 888am 82 88 ams 8886e 5

8. m 79 a 8m 78 88.O8 6

4 e.8 88 88.8 m7 88 n 4

5 .86 79 7 88 5

6 .86 82 e. 78 .8 O8

8 .88 85 88N 79 8.86o n

9 88. a 8 888 78 .8 6

18 .8am 8*20 86 79 .88

11 8.8ON 84 8.88 8o 88 e

12 88. we 8868 m 79 0888 5

8868. 83 8868 79 8888m

14 8868 an2 a9w 79 e.8ON 4

15 B.888 81 8888e 78 88608 4

16 8888n 82 088.6w

17 8886 86 8688N 81 8888N

*CAIMRTION 76 69

cavas LTAGS NOT TRIN EQU!P1er, F.TION NOT UZ.

144
I.



TES1T fic D9TE i2-.21-ae

BOAD 0 61150BE -PUCTION. M COTROLLE

COMTER WING. H Flo POSITION~ £

PRETS POST5 TEST RMULS

COI*ECTCO? YOLTRA RESISTANCE )LTRGE RESISTANCE OT RSTAC

(VOLTS) (MILLIODM() (VOL.TS)' NMIHNIS*9 D ~IFFSENE D I FEUUCE
(VOLTS) NMI.OH'ff

1 8.888 85 8.898 81 8.8ON I

2 0. ON 84 88. O8 Be O

3 .m84 80 8 so8.8O

4 888NO 83 888OK 88 8888N

858 8.m 4 888 880 758.O

6 8.8 we 688 so 6.0% 1

2 .0- O-8~ -- 88 4

8 8. on8 8.8a8 82 8.88 1

9 8.8w8 83 8888w 88 8.8a8 2

£8 8.8ON 83 88808 82 8. ON 4

11 888me 84 8.8 88 se888w i

2 888o 85 8.8w 81 8.8 em£

1. w88 83 888ON 79 88. we.

14 8.8m8 83 888 me N8889w 2

Is 88o8 83 0. em 79 888 ON1

16 8888n 84 a8. OR 1 8.888 2

17 8.8a8 87 8.8em 82 88an a

C~.RRION 76 71

COIKNTS YOLTAGES Nn TWN EgUIP 0T -FIXTION~ NOT USE

q 145



itES DF.TR .4RLY3!I

TEST R9 DATE 12-11-80

BOARI 0 86U151U RJCT!ON F1ilC) CMfTROu.E?

cCOMMTE WING: H POW K POSITION ~

PRETEST POST TEST RESLTS

* C"ECTOI' VOLTM RESIS7TCE YOLTAE RESISTRUC VOTAGEI RESISTMCE
(VOLTS) (?IILLIODffS) (VOLTS) (MILLIOI#9) D IFFJCE DIFFERENC

(VOLTS) (MILICHP'16)

1. 89689 096878 m.8 8

2 w.e9 an887889 8

8 88w690 O 7 8.89 6

4 a.96 ON 88a.O 78 8.8am 8

5 8.8on 8 a ON 76 8898 6

6 8.88 an 0e 00 76 888 6

7 t-iffi A

8 8.88 8 9.8w 78 88m 8

9 8.99 w 888 76 8am 6

is 8.99 w 889e87 8.99 7

*12 .~ 8N 8898a 7? 8898 7

13 B.88 m 868 E6 8e98m 6

14 8.898 8 O88 a. 889 8

15 9.89m 8 88em 76 8898n 6

*16 e.9 8m 888 ON 889 7

417 B8AN 8 88. ? 8 988 8

CFL.IBMTION 8

tCORWS EO'V TO 9 NLNDUIPS.

146



T EST D T i WELYSIS

TEST FAS DATE 12-1:-8

BOP~di # 061.1W9 FUNCTION: F1JNC CCJJTRa-LEF

COWLTER WING: H ROW. K POSITION- ;3

PRM57T POST TEST REMJTS

COMECTR VOLTAGE RESISTNE VOLTRGE RESIST~iCE VOLTAGE ESISTANCE
(Va TS) (MILLIOHN6~) CVOTS; (PMILLIC*W) DIFFUDU DIR-UMU,

(VOLTS) (MILLIOH4PW)

I1a m88 8 0.88 O r 88088 7

2 8888N 8 8 on 78 8.8M8 7

3 a. on 8 0.~ 88888. N

4 0.8am 8 8 8w 78 8888N

5 8888m 8 8.888 77 0.88

6 8888 8 8888m 78 8888w 7

7 &-w 4 som

8 88am 8 8.888 86 8.8 w i

9 888 8N 8888w 77 8888 6

18 8888N 8 8. d8 7 8.88 6

11 8.8em 8 8.888 77 8.888 6

12 888 am8 8.8O8 78 8.8 we-

1.3 888 on 8.8ON 78 888 am

14 88 an 8.80 77 8888e 6

15 888a 8 8.8m 78 8888m 7

16 8888n 8 .888 78s 8898 7

17 888 8 868 7 9 888 8

CRLISMTION 8 71

mmwINs EMOM TO 9 IA..OH MIPS.
147



I

SM 8615U±7 FUNCT ION PUNCH O~TOLLU

C' Us WJiw H ROW K POSITION 34

PRE TEST POST TEST RESULTS

CONNECTO, VLTAGE RESISTANCE VOLTAGE RESISTANCE VOLTAGE RESISTANCE
(LTS) (MILLIOMMNS) ('LTS) (MILLIOHI#) DIFFERENCE DIFFERENCE

(VOLTS) <MILLIOHI9S)

26 8 888. 79 0.8 o 8

2 .88m 8 8.6 88.8 9

38.8am 8 8.888 79 0.8em 8

4 8.8 6 8.8 88 .89 9

5 8.8we 8 0.088 78 8.88 7

6 8.8 a a 79 a. me 8

-7 a ow 7

8 86 8 9.68 83 .8e 12

9 .88 8 888 78 8.8 8

1 8. 8 8 8.o 7n . 6 8

l .88 6 .8a , M8 8

13 88.8 8 88.86 7 680 6

16 8.88 8 88880 79 8888n 8

17 8 8 8 886e 76 9 88 5

" CAIB ION 6 71

cmpENTS EIVOM TO 9 HALON DPSi

148



TES DAgTA INAYSi3

TEST 8± NTE 1---18-88

6RCr. 4 611W86 F1JJCT ION PRINTER CONTROLLER

COwIPUTER WING A PON. A PSITION: 2

PREEST POST TEST RULTS

CO*9NECTCW VOLTAGE RESISTANCE VOLTRGE RESISTANCE VOLTAGE RESISTACE
(VOLTS) (MILLIOHMNS) (VOLTS) (MILLIOHMS' DIFFERENCE DIFFERENCE

(VOLTS) (MILLIOIMN)

-. 1w8 84 6.6w8 84 -. s@8 5

"I2e 168 ro e. 16o st- 0. B2

3 6 78 88 6.600 64 -8.18 1

4 6 6w 87 6. 68 86 8.200 4

5 5.888 86 5.88 85 0. ON 4

6 6.10"5 87 8. 165 86 8. W 4

78. J18 86 e.128 85 V.Uf 4

8 20. ON 89 19.68 93 -8. 480 9

9 6.88 86 6.68 85 -6.188 4

le 6888 87 6w 85 -8288 3

6.8 7 6w 84 -9.28

12 5.78 88 5.68 85 -.. 188 2

6. 68 87 6.58 84 -e. 1s 2

14 7( 88 7 8% 84 8

15 5.986 88 5.9N 84 .8 I

16 5.888 89 5.88 84 88 a

7 m 91 8886 .6 m 7

CFLIRTI )N 76 .±

149



TEST 81 c TE 2-16-6v

BR # 0623238Y FUNCTION PRINTER ZCZNTR

~J~J~ WING. A R% POSITION 7

PFTEST POST TEST 91TS

CONNECTOR VOLTAGE RESISTACE VOLTPGE RESISTBNCE VLTG P.SISTNCE
(VOLTS) (MILLICfM) (VOLTS) (MILLIONS) DIF ENCE DIFFUMU

(VOLTS) (MILLIOHHMS)

S8.1LI8 81 8.we 89 -. 138 9

.an85 a66 age 886ON 9

3 V.17 8 82 -0. 6 I

°""4 8. 628 83 a 6K£ 83 4,-e 2 i

5 a.on909 0 a

6 8. i.s 84 e.w 83 -0. 28 0

7 8.640 82 8.6O 82 -. 640 i

8 29. ON 89 L-q 6w 92 -648 4

9 18. 5w 81 1. 6 84 8. O 4

19 i8. 88 so. 68 84 -0. 6 5

ii 8. 140 S. IQ 84 .e8 2

12 a.6a8 84 8. 629v 85 8.8we8

13 17. 38 83 17 ON 83 -e. m i

14 0.628 82 G66Q6 63 898 2

15 8.866 62 86a% 95 8686N 14

16 0.140 86 8 14A 85 8.68 8

17 6.888 88 8.889 93 8.668 6

C.IRATION 77-

150

• -



EST i'-T; RN-ILJ3i3

TE- 61T CATE 12-16-8I

8omr 0 61 z38y RKNTION. PRINTER COHTROLLUR

ammWIN. AROW GPOSITION 26

PRTEST POST TUT RESULTS

CONECTOR VOLTFAE RESISTNCE .TARE FS ISTCE VOLTRE RESISTM4CE
(VOLTS) (,ILLIIN5 ) (VOLTS) (MILLIOHMNS) DIFFERdCE DIFENCE

IVOLTS) (MILLIOI'NS)

1 6.788 83 6.688 83 -6. i88 4

8.888 we 8.ON 86 6.e I

3 7 ee 85 178. ON 18 8 4

4 868 85 8.68w 83 8.8n 2

5 8.688 89 8. em -  86 8.8.o I

on 85 8 .,0 83 e w 2

74 .3. 8-6a -8 - 28 .2Z

8 20.8an 86 19.688 87 -. 48 5

9 14. 588 85 14. 880 84 -a. s 3

i8 1.on 86 12 58e 83 -0588 1

1 8.888 86 8.8a8 82 e 8 i

12 8.688 86 8.688 84 .8e 2

1.3 17588 85 17. O8 83 -0. We 2

14 .6n 85 8. 62 84 -. 18e

15 8.88 B9S. 888 92 888 3

L6 6.688 86 6.488 84 -8.28 2

17 . 9 e.ee 93 , B 8

C.IBRTION 77

COMMENTS. 5151

"'; ' " ; • " ---.-" .. ... .....• ...• .......... ...... .......... ]



TEST 61 CAETE 12-110"n
B0RP # 86i15±V RUNTION. CPU
COPKTE WING C 6O POSITION' 3

PRMET POST TEST RESLLTS

CONNECTCM VOLTE REISTMEE VOLT RESISTRC VOLTAGjE RESISTANCE
(VOLTS) (MILLIHMNS) (VOLS) (MILIHfl6) DIFFENCE DIFFEIENCE

(VOLTS) (MILLICINS)

16786 81 65w 83 -e.288

*-2 6.888 82 6.588 86 -0.380 2

6298 8± 6808 85 -. 00 2

4 5.880 j358 86 8.8 ON

5 S. 8w 81 SPA6 86 8.8 ON

686 0.8e8 ±

8 2896W8 96 L ±600 93 -e. 40 1

9 08±So 82 0888 86 -6.168 2

io 6. 988 84 6888 88 -0.±8e 2

Ki 598 82 888 6. -0±8 3

12 S.88 83 ~ 6889 -0 4

13 8±880 32 888ON 87, -- 0±Z

14 e.±7p 84 88880 88 -0. 178 2

±5 E88 mF 6.88 m889

16 8.1I8 84 8.8am 88 -0±. 2n

17 8868 88 a888 98 688

CA..IMPTION 74 76

152



.=IT RPrILftSIS

TEST 81 DATE

BM~ 0611509A FUNCT 107

COGP1TER WING. c Ra POST~D T % '

PRETE.5 P-, TESTE S

CONIECTOR VOLTME RESISTRNCE VO(LTAGE RESISTCE JIGEP-= U REI DTM~
(YGLTS) (MILL10HfdS) (VOLTS (MLIHMN) D iFF~ENG D i FERE?

NO0LTS) (M!LL1LOW6)

1 0.145 88 8.8ow 86 -4 145 1

2 0. i5e 81 NO8 89 -8. 158 3

36.8am 8e 56803 -80.480

.4 0.9% so0080 w

56.488 s8 i. 488 87 8. ON6

6 6 8M 83 6.88m 89 9.01

8 288 8 6 19.6w 93 -8.488

9 6.780 so 6 86 -. 200 1

1e 5.788 82 5 5w 88 -6.8 M

u 8.168 8 08 8N7 -8.168 1

12 6.888 82 6588 n8 -e.388 1

13 6.688 81 6.2Ir 88 -8406e 2

14 6686 6, 6308 89 -6.386 1

is j. 8w8 S3 5.580 88 -838w 8

16 814A 83.888 88 -81 48 a

178.8we 85 0 088 91 88. ON

CfaIBFJTION ~-

MOIerl 153



TECST 6-1 CDATE 12-18-88

BA # 0614129M FJNCTION cP

CVVJTER WING C PO: T POSITION 29

PREITS POST TEST RESULTS

CONNECTOR VOLTAGE RESISTPNCE VOLTRGE RESISTANCE VOLTGE 'RESISTANCE
(VOLTS) (MILLIO.fP6) (VOLTS) (MILLI'OHMN) DIFFE1CE DIFFEENCE

( OLT5) (MILLIOHMNS)

i N880 86 0.6m 82 -0. 4e. i

2 0.480 86 1358w 81 8.188 0

3 5.888 85 5.80 82 88 8

4 8.8am 88 88em 82 0.880 -1

5 .88 88 88 688 8 5

6 a.0 8.8e 86 0. a 2

8 2 8. 8N 8 4 i - 85 -. 4e 2

9 8.230 4 e. 218 83 -e. 2 4

1A 8.328 85 8. Q3 e. 040 3

U. 8. 2% 85 a.8 S"3 8828.a 3

12 8.158 33 8 w- 93 -6. i5e 5

13 .we 920. e. E I08

14 8.980 8 e. 8128 -e.8 8IB

5 8. O8 87 8 88 93 e. ON i1

16 35. me 85 45. 83 88 8

17 .88 86 8 ON 9 8888 ii

CF.IBMRION 7 I"

COMMENTS.
154'

co.r



TEST T r LYri.E

TEST B1 CTE 12-8-R/

B i 6i.s5F TION PUNCH CDNIROLLE:

MIrrTER WII, H w R POSITION 16

PRETEST DUST TEST PESLTS

CONNECTOR VOLTAG RESISTANCE VOLTAGG REIST CE ',OLTF- RESISTANCE
(VOLTS) (MILLIOHINS) ,VOLTS) (MILLIOHMNS) D I FFERfNCE DI FrbERNCE

(VOLTS) (IILLIOIHt)

8.8 ON 85 888 85 8.8ON 4

2 8.88 85 88O 815 8. 8% 4

8.8am 85 0. 88 82 O8 I

4 8. 88 8 88 0 83 00 -i

58 . 80 a88 83 88.08 4

6 8.em 86 .88 83 0.8em

ONee 83 .88 92 e.8am 0.

9 8. e8 83 88O 67 8. 88 8

18 .888 86 8888N 88 8.8ew 6

1 .e8 86 .8ON 84 8888 2

12 .em 85 88.O 85 .88e 4

13 .88 88 e. @85 8888 1

14 8888 86 8 8e 86 88.8 4

15 8. m 85 e. e 83 8. e 2

16 8. 88 85 e, O 84 .8N 3

V7 8. 88 83 e 88 89 8.888 18

CA.IMATIO 7

COPMENTS

155



TEST C-T; R49LYSIC

TEST 81 DAT 1-1-8

M # 86ii426T PJNCTION PUN CONTROUJ

COWUTER WING: H ROW A POSITION 17

PRETEST POST TE"T REJLTS

CONECTOR VOLTAM RESISTNCE YOLTFAm- RESISTNCE VOLTFA RESISTRUCE
(VOLTS) (MILLIGI(S) (VOLTS) (MILLIO 6) DIFFEREC DIFFEREK

(VOLTS) (MILLIOHMNS)

. 8.88 85 8.88 83 8.888

2 868O 88 8.888 91 8.888 6

% 8.a 85 .688 86 8.888 4

4 @.Me8 8 0.88N 83 888ON 3

5 8.88 K 84 8888 4

6 8.86 85 e.8w 86 8.888 4

8 8.0am 89 888 92 0.8 6

9 8868N 85 088 86 8888N 4

18 888 86 8.888 89 8.88 6

ii 6.a8 88 8.88 85 8.88 8

12 88.6 89 888 90 8.88 4

0 8886 86 8.888 83 8.88 8

14 8.88 85 .888 85 8.88 3

5 e.e 85 8.86 84 88. 2

1 16 6868 85 88 8A 8.888 2

17 68n 88 8 6 89 8.88 4

* LIBRRTION 76

* PBS.

15



T EST DA' NFY5i

TEST Fi £T 12-S-

4 861i588E FLO'CT 1014 %Z CW TWLL9,

COMPUTER WIN H POW R POSITION: 18

SPRT#EST POST TEST 1.3LTS

CONECTOR M1TG REKSEI VOLTFRa RESSTRNCE VOLTPGE RES1STP4CE
(VOLTS) (MILLIOH-6) (L.%TS (M LL CPIS) DIFFERENCE DIFFERENCE

(VOLTS) (MILLIOH'S)

0 ON88 87 8Oki S6 0 amO

. O.N 85 0. 88835 0.0% 4

0. W 8 0. 880 85 8. ON 4

4 .86 35 8.88 84 .N8

85 .. *A6 88.8 2

a. No 878 amam8 a

8 .an 88 8. w 88 a. we 4

9 0.o 85 8. we 84 8. O 3

888we 89 88. o8 IV me 5

m .ON 85 .8m 84 8.8w 3

12 8R66 86 8808% 85 8 3

1.3 0.m 86 .88 S5 8.w0 3

14 8988N 8( 8888N 86 88. we

15 8.89 87 8.88 86 8. 8w

16 .an 8e8O 85 8 o i

17 0.8% 89. 8. 86 8. 9

F.IMRATION 77

"OWTS '1.57



,EST 4NALYSIS

TEST 8. DATE 12-18-80

BOM # 86i15i&U PJNCTI. PtNC CW tTRLER

COMPUTER WING: H RN 6 POSITION. 8

PPTEST .OST TEST RESULTS

CGNNCTOF VOLTPE RESISTANCE 'LTRGE RESISTANCE YOLTAGE RESIQTANCE
(VOLTS) (MILLIO144NS) (VrtTS> (MILLiOHMN6) DIFFERENCE DIFFERENCE

(YOLTS) (MILLIOHMNS)

2 8.8m8 8 .88 84 8.8O 12.

3 8.988 888 82 8.88 9

4 8.88 8 8. 8N 84 8888 .1

5 8.888 8 888 0. 9p 8.88 I

6 8.8, 86 808N 3

7 8.888 8 8..88 84 8.88 mi

8 e8 8 8.88 ;5 8.888 12

9 e. e 8 8eo 8888 18

is 8.88 8 .88 83 8 88 18

we 8.8 8886 32 O88 18

12 8.88 me a88N35 88 88 £2

13 .888 8 em 85 888 12

14 8. 8 O888 87 8. e8 14

15 8.88 8na 888 62 888w 10

16 8.88 sm 0888 87 8888N 14

1 88.88 8 8.88 86 8N8 0.1

CFLBM9ION e

COM TS DFOD TO 10 HF.ON DUMPS EPOSE TO I WATE DUMP

1.58



TEST DSTR 4LYSIS

TEST 81 DTE 12-18-8

BOM S 86v28iw FUNCT ION. PUNCS CONTROLLER

COWER WING H POW 6 POSITION.

PRETEST POST TEST R9.ILTS

CONECTOR VO1TAE RESISTINCE VOLTAGE FISTANCE VLTRt RES!STANCE
(VOLTS) (MILLIOI96) (VOLTS) (MILLI1Nl) DI FFERCE DIFFECE

(VOLTS) (MILLIGWM)

e.ee . 8.No 84 8.88 ±1

8. 8 8e.e 84 88.8 1w.

3 8.eee e 80. e 3 6.8 mI

4 8.888 8 68N 85 e. we12

S 8.8ON e 0.8O0 V .8me 9

6 .8 8. ON8 84 88 Uem

aU LA S83 aU 19

8 8. n 8 8. 8e 84 8. ON 2.

9 .ON 8 888 8K 8.8a8 is

Is e.eee w. we 84 8. e 11

1± 88. 8O88 83 8.9 an8i

1.2 a8B8 8 8. e 83 .88 i

8888e 8 8.8896 83 9 N I

14 e. 8 88. ON 83 . 8 i8

£. 8.m8 8 e. w 82 8.8an 9

16 8. em 8 .8e 85 .888 12

8 8. 6 0 e87 .88 14

CALIBRATION 8 "3

COWIENTS EXPOM TO 18 fLON WS E). D TO W ATER DUM

1. '9



V. EST Lm9TR~ PNAYSIS

TEST 81 DTE 12-1.8-80

BDRR4 # t6l.51'.V' FUNCTION PIWCH -CONTROLIH,

COWUTER WING. H ROW B POSITION: l

PRETEST POST TEST RESLTS

COKECTOR VOLTAGE RESISTAICE VOLTAGE RESISTANCE YOLTE RESISTANCE
(VOLTS) (MILLIOHIMNS) (VOLTS) (MILLIO INS) DIFFERENCE DIFFERENCE

(VOLTS) (MILLIOHi5NS)

8.868 8 886 82 8.88 8

2 8.888 8 886 82 8.88 8

8. 86 8 8.e 82 e.e 8

4 8.68 8 .888 83 8. am 9

5 8.86 8 A.... 84 8.8w £8

6888ON 84 88. £6 l

s e.7 w am6 86 9.eBe

9 .88we 8 a.e 82 8.898 8

6 e. 86 8 8888 8 88 9

i 8.898 8 888 ^2 8.886 8

12 8. m6 8 8. m 84 8.88 £8

13 a.8 6 8 P86 82 8.888 8

14 8. 8m 8 e. 8m 8s 6. ON 9

L5 8.em 8 08.8m 82 888 8

16 8 86 8 8888 82 8. em 8

17 886 8. 62 O86 m

CALIBRTION 8 74

COPIENTS D'POM] TO 10 HRLON MPS DPO:D TO I WATER D4LM
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TES, ,A'!I;~ 3

TEST AIO CATE i2-i6-80

&GRDt I 6i.58w FUNCTI O PRINTER CONTROLLER

COMPUTER WING. A ROW POSITION 12

PRETES-T POST TEST RES.LTS

CONECTOR VOITAGE ESISTANCE VOLTAGE RESISTANCE ,OLTAGE RESISTANCE

(VOLTS) (MILLIO4.lS', (VOLTS) (MILLIC*NS) DIFFERENCE DIFFERENCE
(VOLTS) (MILLIOHG',

o6.68 8 6.888 83 8.288

8. 168 79 8 168 84 8. 8N

3 6. 78 6. 7w 8 8.288 5

4 6. 68 81 6. 70  84 0.188 

5.8% 81 5.88 8. 8888 i

o 8. 16 m 1. 84 88 2

7 0. lie si 8. 2. 84 915 3

8 28860 82 28888N 88 e.8on 6

9 6688 79 650e 83 -0.100 4

l8 6.688 -(8 6.788 83 8.18 5

11 6.680 78 6 788 8. 8.1i8 5

12 5.78 88 5.68 82 -8.48e 2

1..488 78 6. 5 82 8. 188 4

14 78 (18 7an r 8. 86e 5

15 5.988 78 5. 9m 82 8.88e 4

16 5.88 8 5.788 85 -8.180 5

It, 8. on 82 8888n 88 8.88n 6

CA.ISR]ATION 722
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TEST RiO DATE -I-

em~R # 86i338 FUNCTIC?4 PRINTEE CONTROLLER

CWPUTER WING. ROW B PSITION 87

PRETEST POST TEUT RESILTS

CONNECTOR YOLTGO RESISTANCE VOLTAG RESISTANCE '4%TAG RESISTANCE
(VOLTS) (MILIOHMfS) (VOLTS) (MILLIOUffE) DIFFERENCE DIFFEREE

(VOLS (MlLLICOffiS)

8. 8138 8. m13 84 888 ON

.on85 8888w 85 8.88m -2

3 17. 5w n. 17.58 6 888 ON

4 8. 6w b- 3 .610 87 88018 2

5 8.8on 82 w08886 880,

6 0.108 82 0. I8 878.8

8 288 ON63 2888ON 89 8.8ON 4

9 2.408 83 i8. 400 87 886on 2

io i8. 6w 83 10.908 85 8.380 8

11 8.1,42 83 8.140 85 -8882 8m

12 8.688 827 618 85 881 8i

0 1 17588 82 17280el 84 -w8 8

14 8. UN 82 9.628 94 we8 8

i5 6.8a8 82 80.6 96 088 6

*16 61 40 63 8.140 85 8.8 em

V? 8.88 82 8888 89 a8m 5

CFLIBFTION 78 2
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TES6T DATA A?-YSE

TET Pd DATE 12-16-88

BM # 86_22" FUCTIO PRINTER CGNTROLLER

•COMUTR ING. A ROW: G POSITION. 26

PRTEST POST TEST RESLLTS

CNNECTOR VLTMA RESISTWE VOLTAG E1SISTINCE VOLTAGE RE ISTFI4M
(VOLTS) (MILLIOIP1) VOLTS) (MI.LI 6) DIFFEREN CIFFERE

(VOLTS) (MILLIOI1NS)

1 6.688 81 6.76 84 8.18 3

2 a. on 82 a88 7 0. 66 5

3 7 666 82 172 2 84 i8. 2w

4 0.598 82 8. 68 83 8. Ole i

5 0 w 2 86888 as 8868 6

6 883 8866 83 e888 8

.. ........ ,

8 4N66m 82 286 88a 8.668 6

9 4. 8 85 4. 38 83 6.38 -2

±8 62.688 86 12.,66 83 -0.198 -3

ii 8.86 84 .m 83 8. we -i

12 8688 87 8.608 84 8 86 -3

13 17. O6 83 17 56 84 8.56 1

14 8.628 84 0.648 84 .828 8

1 .888 82 88.6 N e .6 6

-16 6.56 32 6.78 84 8.29 2

1T 8.ON 82 6.6w 89 8.6am 7

C.LIWTION ,'

cO16ENT$
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tEST CJATA qNFLTS

TEST F AI1 DATE 1-68

8am # 86i1ii F1RCTIO CFIJ

COMPUTR WING: C POW 6 POSITION re.

PRETEST POST TEST R M-.TS

COP#ECTOP YOUTAE RE5ISTANCE VOLTAGE RSISTNEE YOLTAGE RESISTANCE
(VOLTS) (MILLIOHfrIS) (VOLTS)'I eMiLLIOMNS) DIFFEROIC DIFFENC

(VOLTS) (MILLIODMN)

I6.588 so 6.8 sw 888 ON8

2 6.500 81 6,788 85 8.2A Q2I

36.188 88 6688 84 *-618 I

4 5.8M 81 5800 84 0.188 8

5 5.8 sm Il94 888 ON±

6 5- M1 81 5.888 84 888 ON8

5888 8 5.888 888 8m

8 m88 82 i88 8e9r 8.8 w

9 a.1i6a (9 8155 83 -8885

18 6.8SW 82 6.78 86 -0183

K1.1 5 888 s 5.78M 84 -e,188 1

12 M78 ft 5 63 86 -81lee 2

1; a.188 81 8188 84 88800 8

14 8.7 Ito 8 .179 85 8.8 8m

15 6.688 82 6.788w 84 0.188e -1

16 8. In 82 e.128 85 88we 8

17 e 82 0.8 m 98,O 4

CAL9RATION 27
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TEST D TR NFYSIS

TEST RI0 DATE 12-16-88

BOW, 0 861159R FUNTION. CPU

C.UTER WIN. C ROW C POSITION: 18

PRETEST POST TEST RESLLTS

CONNECTOR VOLTAE RES15"TCE VOLTAGE RES!STNCE VOLTFrE RES1TANCE
(VOLTS) (MILLIOWNS) (VOLTS) (MILLIOHMNS) DIFFERENCE DIFFERENCE

(OLTS) (MILLOf6NS)

1 84. 14 81 8. 48 83 8. 8 -2

2 8. 14e 82 8.148 86 a. 8O 8

5.8m 82 5.9M 86 86 8

4 0.66 82 88 88 e.8e 2

5 6.566 81 6.6w6 85 6.6e a

6 6. 16 82 6. 8N 89 -e 18 3

& 5 78 6.6 -Lo .- 2.

8 26. ON 82 2.M 91 8.on 5

9 6.588 83 6. 56 86 a. o -i

1.8 5.686 84 5. 6w 87 6. m -1

1. 68 82 8. i7 88 8. 8±8 2

±2 6. 7" 82 6.866 88 8.1 2e

U 6.56 83 6. 6 85 .1 -2

14 6. 56 63 6. 6m 88 8. ±@e I

L5 6.788 83 5.80 86 -86.66 -1

46 848 84 8. 148 88 8. 8M

17 8.66 82 8.88 89 6. w 3

Ca.I9 ION "2 76
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E7 DAT; IFf

T.ST Rio DATE 12-16-86

6M 0 061412 FU)TIO. Cm

CMPUTER WING. c ROW T POSITION: 28

PRETEST POST TEST RE.LTS

CO"ECTOR VOLTAGE REISTNCE YOLTA RESITCE VOLT GE RESISTACE
(VOLTS) (MILLIOI%6) (VOLTS) (MILLIOHIR6) DIFFERECE DIFFERENICE

(VOLTS), (MILLIOHI~iS)

119988 88 28888N 84 8.188 1

2 1.. 28 81 . 580 86 8.386 2

5. 8W 81 4 0. ige e

4 8. ON 83 ONee. 86 0. O8 8

5 8. 88 85 .)ba 91 88. e 3

6 .888 83 8.ow 89 a.88

3 28. O8 83 :0. No 92 8.888 6

9 8.1.9 86 0. 698 84 888 I

18 8. 32 81 0.248 85 - m888 I

U1 0.248 81 0. m28 -e a2 -1

12 0. 15e 83 8.14 8 -. 081 2

3 88@ 83 0 W8. 91 .8O8 5

14 1.am se 1.a 96 88. ON

15 w.988 83 8. Ile 88 8. .ii 2

16 35.8 se 35. ON 84 8.88 1.

17 8. 83 8 91 a. me 5

CF.IIRRT1O 1"3 76

1(6



TE5T DATA RW0'.Si3

TEST RIO ITE 12-16-$8

WB" I Ui.F PKTION PL"O CONTROLLER

COIPUTER WING. H RON. A POSITION 16

PRETEST POST TEST REULTS

CONNECTOR: VOLTAGE RESISTANCE YOLTAE RSISTANCE MULRE RESISTPRdCE
(VOLTS) (MILLIO496) (VOLTS) (MILLIOHMNS) DIFFERENCE DIFFERENCE

(VOLTS) (MILLIOH49S)

8.8 ON s 88188 Be 8.8OW 2

28888m 88 8.88N 87 88 m

8.888 S8 e88N 86 8.8 em8

4 "6 . 81 8.0& 88 8.8 w

8 8.8am 81 O. 87 8.O8

6 8.88n 81 a88 88 8.88 ON

7 .- 0 A.L .ia

8 8.888 82 888N8 8.68

9 8.88N 82 088 87 B. 8w -2

198.88 6n 6889 O 86 8.88e -i

U i 8.88 WO 81 .889 87 8.888 -2

1.2 8888w 82 .88 87 8.88 -1

12 888ON 82 888we 87 8888 -i

14 8. 8 84 8888 89 88 a8 -i

5 6.9% 81 8 8n 87 8. w 8

16 8.8 81 8.88 87 6.a 9

17 8. a 83 8.8% 9n .8 3

CAIBMTION 71 77

COMIBS VOLTFWES NOT TR.t EgUIKIENT FLNCTION NOT U.I,
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TE57 Rio 12-i-8

BL 8E 6iJ420T RRNCTIHIN F1JNCH XNMRLEF

CGHP1JTER WING H ROW RPOSITION~ 17

PRTEST POST TE5ST RESULTS

.WC7)F VCL T A(- RESISTNE VOLTRGE PESISTF~C YOLTRGE RESISTANCE
vriLTS) (M!LIOHMN6 6(LTS) 'MILLIOMNS) DIFFERENCE DIFFEFNEt

e m 79 9.06 84 886ON6

8.w 1Q6 ee 865 0.O

0.00 8666 888 0. o

9 8.6ON88 ~6 8 86 8.868 -2

10 0. ON 79 6. 88 86 888me

Ii. 0. ON 80 0 aw 85 68ON 8

12 8.66 so a.eee 86 6.8881

0 0. 8we 6888 O 86 8866 -1.

-\14 886ON 81 8 w 86 88 8e

Is 8868 86 8866 86 88 em

I16 8666m 81 8.868 86 6.866 0

17 86 am 3 8 89 8.8%

Co9ETS. ",'OLTMS NOT Ma~E EDUPET FUNCTO NOT MS
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.5 T TI PJaLV3!.

TEST R1 CATE 12-16-88

S86115 FUNCTION PtHCI CONTROLLER

COMPUTER WING. H ROW. R POSITION. 18

PRETEST POST1 TEST RESULTS

CONECTOP VOLTME RESISTRNCE VOLTAGE RESISTANCE VOLTArE RE5ISTANCE
(VOLTS) (MILLIOHMNS) (VOLTS) (MILLIOHMNS) DIFFERENC DIFEENC

(VOLTS) (MILLIOW6)

1 8.m 82 88.8 86 8.8am 8

2 8.8O8 82 B.8 ON 85 a.8O -i

3 0.ON 81 8. am 85 8888 8

4 a8m8 8.. 6 86 8. a -1

5 .ON 82 a.866 86 8880 a

6 6.868 82 868w 86 888 9w

8 8866n 85 8.866N98 8.68am1.

9 .No 82 e.896 87 8e I

1. 8.866 84 6. em8 88 6.ON 8

i. e. we6 4 .88 86 886

12 .w 86 .O 87 .w -3

13 0. O 84 8.8an 86 a. w -2

14 8. a 82 88, a 87 .68 I

is 1. 886 63 888 an' 8 87 8.aa

16 6.6w6 83 8.868 88 8e6 em±

8. O86 863 8.8 EN9 88ON e

CFLIRMTION 26

COMWIS. VOLTAGES NOT TrKEN. EQUIPl'YT FICTION NOT USED
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TEST R18 TE 2-16-*

BOARD I 8616006N F1?ETION. PFCWH CONTROLLE

COMUTEP WING H POW POSITION 26

PETEST FOT TEST RE9LTS

CNECTOR VOLTA RESISTANCE YOL TA RESISTANCE VOLTAE RESISTANCE
(VOLTS) (MILLIOHMN) 'Y LTS) (,ILLIO+MfS) DIFFERENCE DIFFERENCE

(VOLTS) (MILLIOf6)

8. we 8 0.80 82 0. ON ti

2 888 8 8.8.8 83 80.8 12

8.800 8 .am8 82 9.88 l

4 .8Bw 6 8 683 8 1802

5 8. 8 82 8. 1±

6 . e 8 8. am 83 .888

244 -4 -LWz-&n .

8 e. 888 a e. 9w 81 .88 18

9 6.888 B 8. 8w 83 8 88 12

18 6. 8O 8 8. 88 5 88% 14

11 0. No8 8 .08 84 ON 12

12 88 e e.88 85 .688 i4

1; 88. e 8 886N 83 8888 12

14 8. we 8R e 85 8888 14

i5 8.88 w E.6ON 84 8.8O 12

1. 888 8.88e 81 . m88 I

CLIBATION 8 71

COMMENTS EMOSU TO 18 Hf.ON D(PS.
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itST CATR AWLYSIS

TEST F118 DATE 12-16-30

BOAD s8616 FUNCTO P'U0C COTROLLEF

CUPItT'ER WING. H POW: K POSMON 2

PRETE5T POST TEST RESULTS

COWECTOR VOLTIQ RESISTANCE YOLT~ruE RESISTANCE YrOLTAGE FESISTANE
(VOLTS) (?iILLIOIIM) (YOLTS) (flILL1ONP96) DIFFERENCE DIFFERENCE

888 9. am89w 84 8.88N i

e.98. we 988 0. e 8.8ON 1±

0 8. ON a 8.8ON 86 6. an 13

4 8800m 8 8888N 84 888.i

5 888 88 8 89±

6 u..8 am A.8 3988

a- WE 1

o 8.e 8.e

9 8.8 w 89 82 8868 9

±9 e 8. m 82 00 9

i8.8 ON e,88* 82 8888m 9

1 2 9888N 8 e.8am 83 9 on9i

13 8.88 am a . 81 8.8an 8

14 9.0an 9 8.868 83 8.88w £0

15 .80 8e e o 82 6.90 9

am8.0 8 em 9m 8

F CFJBRRTION 873
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T"LST DRTR MPL.Y-'S7Z

TEST Rig D t.-i6-E8

6OB , I 8616-8Q FUNCTION. PUNCH CNTROLL

COlJUTER WING. H RON K POSITION. 28

PRETEST POST TEST PE.SLTS

CONIECTOR VOLTA RESISTANCE VOLTM RESISTANCE VOLTAM RESISTANCE
(VOLTS) (MILLIOHMF6) (VOLTS) (MILLIOWfNS) DIFF@Da DIFFER

(VOLTS) (MILLIOMMIN)

8n888 8.88 81 ..amf 6

2 88 0 8.88e 86 8.88

88 8 8.ON 888 I

4 8.888 8 8. 85 8.888

5 8.8 65 8. 88. £8

6 6888 0 8.88 85 8. £8

7 n 8 8888 85 8.8 is

8 8. 88 8 ,m 82 0.88 7

9 8.88 8 8.888 84 8.88 9

18 8.888 8 888O 85 888s1

Ii 8.888 8 8. 8 85 8.88 1

2 a.8 8 e. 80 85 8.8a8 £8

8.8n 8 888 85 em £8

14 8.88 9 8.888 86 888 1

0, ,, emaTe 4a

15 6.888 88. 84 8888 9

.7 w,8e 8 888 82 8.8m 7

CLIMTION 8

COMENTS E-POM TO 10 HRLON DUPS,
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APPENDIX B

PROCEDURE FOR ANALYSIS OF PRINTED CIRCUIT BOARDS

1. GENERAL

There are three major cabinets in the GE 115/2 configuration
housing computer boards and circuitry. The remainder of the in-
stallation consists of equipment that is supportive in nature,
i.e., power supplies, printers, card readers, etc. The three
cabinets that contain the printed circuit boards were selected as
primary areas of study for these investigations and experiments.
These cabinets are designated as follows for further reference:

Wing H - Controller cabinet for the LP-300B card reader-
pun ch

Wing C - Central Processing Unit
Wing A - Controller cabinet for the MZ 4 printer

2. CATEGORIES

There are four categories of investigations within this sub-
system of the total series of tests. A preliminary base of re-
sistance, voltage and signal levels was established of a repre-
sentative sample of the three cabinets or "wings" before the
first test exposure. These readings were used for comparison of
subsequent measurements.

Each PCB is the same size, of similar construction and has a
standard 17-pin plug-in connector (Figure B-l).

Figure B-1. Printed Circuit Board (PCB).
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1

The exact circuitry of each PCB is dependent upon its func-
tion. The voltage measurements and signal levels were made on

K each pin of each board connector from the equipment side of the
connector. These measurements were made with the GE 115/2 up-
and-running with a test diagnostic routine programmed in the com-
puter. The resistance measurements were made with computer power
turned off. Due to the test leads containing some resistance
(approximately 90 milliohms) they were checked before each read-
ing, and the resistance measured was adjusted by this amount.
The resistance readings were taken in the following procedure.

One lead was connected securely to the printed circuit board
and the other lead was connected to the equipment side of the
connector in such a manner that the contact resistance between
the PC Dins and its receptacle was measured in each instance.

a. Category 1

This category included three PCBs from each of the
three selected wings (A, C and H). Resistance, voltage, and sig-
nal level measurements were made before each test exposure on
three PCBs in wings A and C. Contact resistance measurements
were made on the PCBs from wing H. After exposure to a test the
same measurements were repeated on the same PCBs. These PCBs
were then removed from their respective cabinets and ultrason-
ically cleaned in a cleaning solution and replaced in the cabi-
nets. This measurement procedure was followed on the same PCBs
for each test; they were subjected to only one test exposure be-
fore cleaning. A sequence of clean, measure, exposure, measure,
clean was used throughout the series of tests.

b. Category 2

This category included.nine PCBs from wing H. Wing H
was connected to the system and power applied for each test; how-
ever, its function to furnish logic and controlling signals to

the LP-300 card reader-punch was not used. Wing H PCBs were re-
moved from the cabinet, ultrasonically cleaned in a clearning
solution and sealed in a plastic container. These PCBs were re-
moved from their protective container 5 minutes before each
test and placed in specified exposed portions in the computer
room. Immediately after a test, these PCBs were sealed in a plas-
tic container and placed with other test data for later measure-
ments and analysis. These PCBs were exposed to only one test.
Nine different PCBs were used for each test, using this same pro-
cedure.

c. Category 3

This category included three PCBs in wing H. Resist-
ance measurements were made on these boards after test A-7.These PCBs had been exposed to all previous tests and had not

176



been disturbed (not removed or moved). Three different PCBs were
selected from wing H after test A-8, A-9, etc. Each set of three
PCBs, measured after each test, had been exposed to that test and
all previous tests.

d. Category 4

This category includes three PCBs from a third gener-
ation type of computer equipment (ICs). These three PCBs were
placed on a parts cabinet in the computer room and had been ex-
posed to all tests. Upon completion of the test program, these
boards were sealed in plastic containers for post-test examina-
tion of contact resistance, operational function, and an analysis
of the effects of accumulated residue.

3. SIGNAL COMPARISONS

Measurements were made of selected computer signals during
each pretest preparation phase and during each post-test phase.
The selected signals were present on the base of the PCBs select-
ed for resistance and voltage measurements. Measurements were
made on 17 pins each of 9 PCBs for 11 pretests and 11 post-tests,
a total of 3366 signal measurements. All measurements made were
within the manufacturer's standards for this equipment.

The SE01, photodisc signal voltage on pin no. 1 of PCBs loca-
tion AG-26 may be within the limits of +5 to +8 volts. The actu-
al measurements made varied from +6.3 volts on pretest, test A-1,
to +5.8 volts on post-test, test B-1.

The MIPAI, write drive voltage on pin no. 16 of PCBs location
CT-20 has a nominal value of -32 v +10 percent. The actual meas-
urements were stable -135v on all pretests and post-tests.

The F001, photodisc signal amplitude on pin no. 4 of PCBs
location AG-26, may not be less than .3 volts. The actual meas-
urements made were .6 volts on A-1 pretest and this level had
dropped to .45 volts on B-1 post-test. Even though the level had
dropped 25 percent, it has remained within operating parameters.

Other signal measurements made were transitional logic
states, pulse commands, and pulse trains. These observations
were specifically concerned with pulse timing, shape and con-
sistency. No degradation of pulse timing or shape could be de-
tected.

(The reverse of this page is blank.)
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